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(54) POLYAIVIIDE RESIN COMPOSITION 

(57) The present invention provides a polyamide 
resin composition suitable as industrial materials such 
as automobile parts, electronic or electrical parts, and 
industrial machine parts, and excellent in various me- 
chanical properties such as various kinds of moldabtlity, 
rigidity, and strength, and durability such as heat-resist- 
ant aging property. 

Namely, the invention relates to a polyamide resin 



composition comprising (A) a polyamide, (B) an apatite 
type compound, and (C) (i) a higher fatty acid metal salt 
and/or (ii) a mixture of a metal halide and a copper com- 
pound, wherein the polyamide resin composition is ob- 
tainable by adding component (C) after the formation of 
the apatite type compound. 
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Description 



TECHNICAL FIELD 

> [0001] The present invention relates to a polyamide resin composition connprising a polyamide and an apatite type 
compound, excellent in various kinds of moldability at, for example, injection molding, film forming, blow molding, 
extrusion, expansion molding, and gas-assisted molding, suitable as an industrial material of automobile parts, indus- 
trial machine parts, electric/electronic parts, various gears, and for extrusion uses (tubes, rods, filaments, films, sheets, 
hollow molded products, etc.), the resulting molded product being also excellent in strength, rigidity, toughness and 

0 heat resistance, as well as excellent in durability such as surface appearance, weathering resistance, heat-resistant 
aging property. The invention also relates to a molded product thereof. 

BACKGROUND ART 

> [0002] For the purpose of further improvement of the mechanical properties such as strength, rigidity, and heat re- 
sistance which a polyamide resin originally has, it has been a common practice to Incorporate, into a polyamide resin, 
various fillers including, for example, Inorganic fibers such as glass fibers or carbon fibers, inorganic compounds such 
as calcium carbonate, mica ortalc, or layered compounds such as montmorillontte and swelling fluorine mica. Although 
being effective for improving the strength or rigidity of the resulting molded products, these methods are accompanied 

' with the drawback that toughness which is another characteristic of the polyamide resin is markedly Impaired owing 
to a low affinity olf the polyamide with a filler. On the other hand, Japanese Patent Laid-Open No. 21 7454/1 991 discloses 
a polyamide resin composition comprising 100 parts by weight of a polyamide and 5 to 300 parts by weight of apatite 
aiming at obtaining a material having a touch feeling close to ivory. However, this composition is improved in strength 
and rigidity of the resulting molded product like the compositions having other filler added thereto, but a markedly low 

* affinity at the interface between the polyamide and apatite causes a drastic decrease in toughness, that is, decrease 
in tensile elongation, which makes it difficult to use it as an industrial material. 

[0003] Thus, the present inventors have proposed a polyamide resin comprising a polyamide and an apatite having 
a high interfaclal adhesiveness to the polyamide as disclosed in Japanese Patent Laid-Open No. 199771/1999. Es- 
pecially, a polyamide resin obtained by a process of mixing a polyamide raw material and an apatite raw material and 
' carrying out the polymerization of the polyamide and the synthesis of the apatite exhibits remarkably high improving 
effect of interfaclal adhesiveness, which enables the realization of the physical properties which conventional polyamide 
resins cannot be achieved. That is, they have found a polyamide resin having improved rigidity and strength without 
impairing toughness. 

[0004] However, as a result of the studies by the inventors, the rigidity and strength of the above polyamide resin 
can be improved without impairing toughness, but the moldability at, for example, injection molding, film fonning, and 
blow molding for manufacturing various parts Is not satisfactory in the application to various parts such as automobile 
parts, electronic/electrical parts, and industrial machine parts. Moreover, durability such as weathering resistance and 
heat resistant aging of the resulting molded products is also still unsatisfactory In the case that they are used as exterior 
parts of automobiles which are exposed to flaming sun in summer or as under-hood parts neighboring an automobile 



[0005] By the way, it is well known in the art to improve moldability by Incorporating a lubricant such as a higher fatty 
acid metal salt into a polyamide resin. Moreover, It is also well known to improve weathering resistance or heat resistant 
aging property by adding a mixture of a metal halide and a copper compound. 

[0006] However, upon the studies by the inventors, it was found that the simple application of these conventional 
technologies to the above polyamide resin comprising an polyamide and an apatite type compound does not result in 
a satisfactory improvement in the objective properties. 

[0007] An object of the present invention is to provide a polyamide resin composition and a molded product thereof 
which can overcome the above-described problems of the polyamide resin comprising an polyamide and an apatite 
type compound which have so far remained unsolved, in other words, a composition which is excellent in various 
moldability at, for example, injection molding, film forming, extrusion, and blow molding, the resulting molded product 
being excellent in strength, rigidity, heat resistance, and toughness, as well as durability such as surface appearance, 
weathering resistance, and heat-resistant aging property. 

DISCLOSURE OF THE INVENTION 



[0008] As a result of the extensive studies for solving the above problems of the invention, the present inventors 

have found that, in the case of adding various additives to a polyamide composite comprising an polyamide and an 
apatite type compound for the purpose of Improving or imparting various properties or functions, the aimed improving 
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effect can be first attained by adding them after the completion of the fomnation of the apatite type compound. In 
particular, in the case that the additive is a metal element-containing compound, the tendency is more remarkable. 
Namely, in the case of adding a higher fatty acid metal salt well-known in the art as a moldability improver or in the 
case of adding a metal halide or a copper compound as a heat-resistance improver, the aimed improving effect is 
5 remarkably realized by adding them after the completion of the fomnation of the apatite type compound. 
[0009] . That is, the present invention related to: 

(1) A polyamide resin composition comprising (A) a polyamide. (B) an apatite type compound, and (C) (i) a higher 
fatty acid metal salt and/or (ii) a mixture of a metal halide and a copper compound, wherein the polyamide resin 

10 composition is obtainable by adding component (C) after the formation of the apatite type compound; 

(2) The polyamide resin composition according to the above 1 , wherein the amount of (B) is from 0.05 to 200 parts 
by weight and the amount of (C) is from 0.01 to 20 parts by weight relative to 100 parts by weight of (A); 

(3) The polyamide resin composition according to the above 2. which is obtainable by adding 0.01 to 20 parts by 
weight of component (C) in a step after the completion of formation of the apatite type compound in the steps of 

15 producing a polyamide composite comprising the polyamide (A) and the apatite type compound (B) by incorporating 

0.05 to 200 parts by weight of an apatite type compound-fonming component into 100 parts by weight of a polya- 
mide-fomning component and promoting the polymerization of the polyamide and the synthesis of the apatite type 
compound; 

(4) The polyamide resin composition according to any one of the above 1 to 3, wherein the higher fatty acid metal 
20 salt of (C) (i) is represented by the general formula (1 ): CH3(CH2)nCOO(Mi) (wherein n is from 8 to 30 and a metal 

element (M^) is at least one metal element selected form the elements of Groups 1 , 2, and 3 of the periodic table, 
zinc, and aluminum); 

(5) The polyamide resin composition according to any one of the above 1 to 3, wherein the metal halide of the 
mixture {C){ii) is potassium iodide, the copper compound is copper acetate or copper iodide, and the molar ratio 

25 of the halogen to copper is from 2/1 to 40/1 ; 

(6) The polyamide resin composition according to any one of the above 1 to 3, wherein 1 to 300 parts. by weight 
of a polyphenylene ether resin is incorporated Into 100 parts by weight of (A), and wherein components (B) and 
(C) are mainly present in component (A); 

(7) The polyamide resin composition according to the above 3, wherein the apatite type-forming component is a 
30 phosphoric acid type metal compound having a maximum particle size of 30 \Lm or less; 

(8) The polyamide resin composition according to the above 3, wherein the apatite type-forming component is a 
phosphoric acid type metal compound having a specific surface area of 0.1 to 1 00 m^/g; 

(9) The polyamide resin composition according to any one of the above 1 to 3, wherein an apatite type compound 
having an average particle size of 0.01 to 1 \im is homogeneously dispersed in a polyamide having a weight- 

35 average molecular weight of 20,000 to 200,000; 

(10) A process for producing a polyamide resin composition comprising, relative to (A) 1 00 parts by weight of a 
polyamide, (B) 0.05 to 200 parts by weight of an apatite type compound, and (C) 0.01 to 20 parts by weight of (i) 
a higher fatty acid metal salt and/or (ii) a mixture of a metal halide and a copper compound, wherein component 
(C) is added after the formation of the apatite type compound. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

45 Figure 1 is a sectional view of a mold used for evaluating releasing ability of Examples and Comparative Examples 

of the Invention. 

Figure 2 is a top view of a mold for obtaining a molded product having a weld part used in Examples and Com- 
parative Examples of the invention. 

50 [0011] By the way, the symbols in the figures are as follows: 1 Is sprue runner, 2 is cup shape molded product, 3 is 
ejector pin, 4 is ejector plate, 5 is load cell, 6 is ejector rod, 7 is weld part, 8 is sprue, 9 is runner, and 1 0 is molded product. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 [0012] The present Invention is described In detail below. 

[0013] The polyamide (A) in the invention may be any polymer having an amide linkage (-NHGO-) in the main chain. 
[0014] Examples of the polyamide preferably employed in the present invention include polycaprolactam (nylon 6), 
polytetramethylene adipamide (nylon 46), polyhexamethylene adipamide (nylon 66), polyhexamethylene sebacamide 
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(nylon 610), polyhexamethylene dodecamide (nylon 612), polyundecannethylene adipannide (nylon 116), polyundeca- 
lactam (nylon 11), polydodecalactam (nylon 1 2), polytrimethylhexamethylene terephthalamlde (nylon TMHT), polyhex- 
amethylene isophthalamide (nylon 61), polynonanemelhylene terephthalamlde (9T), polyhexamethylene terephthala- 
mide (6T), polybis (4-amlnocyclohexyl)methane dodecamide (nylon PACM12), polybls(3-methyl-amlnocyclohexyt) 

5 methane dodecamide (nylondimethyl PACM1 2), polymetaxylylene adipamide (nylon MXD6) and polyundecamethylene 
hexahydroterephthalamlde (nylon 11T(H)) and polyamide copolymers each containing at least two different polyamides 
thereof, and mixtures thereof. Among these polyamides, more preferred polyamides for achieving the object of the 
invention are polycaprolactam (nylon 6), polyhexamethylene adipamide (nylon 66), polyhexamethylene dodecamide 
(nylon 61 2), polyhexamethylene isophthalamide (nylon 61), polyamide copolymers each containing at least two different 

10 polyamide skeletons thereof, and mixtures thereof. 

[0015] Examples of a component (raw material) for forming the above polyamides include polymerizable amino acids, 
polymerizable lactams, polymerizable mixtures or salts of diamines and dicarboxyllc acids, and polymerizable oligom- 
ers of the above compounds. 

[0016] Specific examples of the polymerizable amino acid include 6-aminocaproic acid, 11-aminoundecanoic acid, 
IS 1 2-aminododecanoic acid and p-aminomethylbenzoic acid. In the invention, these polymerizable amino acids may be 
used either singly or in combination. 

[001 7] Specific examples of the polymerizable lactam include butyllactam, pivalolactam, caprolactam, capryllactam, 
enantholactam, undecanolactam. dodecanolactam, and the like. In the Invention, these polymerizable lactams may be 
used either singly or in combination. 

20 [001 8] Specific examples of the mixture of diamines and dicarboxyllc acids or the diamine of the polymerizable salts 
of diamines and dicarboxyllc acids include tetramethylenediamine, hexamethylenediamine, undecamethylenediamine, 
dodecamethylenediamine, 2-methylpentamethylenediamine, nonanemethylenediamine, 2,2,4-trimethylhexamethyl- 
enediamine, 2,4,4-trimethylhexamethylenediamine, 5-methylnonamethylenediamlne, 2,4-dimethyloctamethylenedl- 
amine, metaxylylenediamine, paraxylylenediamine, 1 ,3-bis(aminomethyl)cyclohexane, 3,8-bis(aminomethyl)tricy- 

25 clodecane, 1 -amino-3-aminomethyl-3,5,5-trimethyicyclohexane, bis(4-aminocycloh6xyl)methane, bis(3-methyl-4-ami- 
nocyclohexyl)methane, 2,2-bis(4-aminocyclohexyl)propane, bis(aminopropyl)pip6razine, aminoethylpiperazine, and 
the like. In the invention, these polymerizable diamines may be used either singly or in combinatkjn. 
[001 9] Specific examples of the dicarboxyllc acid of the polymerizable salts of diamines and dicarboxylic acids include 
malonic acid, dimethylmalonic acid, succinic acid, glutaric acid, adipic acid, 2-methyladpic acid, trimethyladipic acid, 

30 pimeiic acid, 2,2-dimethylglutaric acid, 3,3-diethylsuccinic acid, azelaic acid, sebacic acid, suberic acid, dodecanedioic 
acid, elcodlonic acid, terephthallc acid, isophthalic acid, naphthalenedlcarboxylic acid, 2-chloroterephthalic acid, 
2-methylterephthalic acid, 5-methylisophthalk: acid, 5-sodium sulfoisophthalic acid, hexahydroterephthalic acid, hex- 
ahydroterephthalic acid, diglycolic acid, and the like. In the invention, these polymerizable dicariDOxylic acids may be 
used either singly or in combination. The combination of these polymerizable diamines and dicarboxylic acids may be 

33 optionally selected. Moreover, the compositional ratio of the diamine and dicarboxylic acid is preferably from 0.9/1 to 
1 .3/1 , more preferably 0.95/1 to 1 .2/1 , most preferably 0.97/1 to 1 .05/1 , as a molar ratio of diamine/dicarboxylic acid. 
[0020] The more preferred polyamide-forming component for achieving the object of the invention includes caprol- 
actam, a mixture or salt of hexamethylenediamine and a dicarboxyllc acid, a mixture or salt of hexamethylenediamine 
and dodecanedioic acid, a salt of hexamethylenediamine and terephthalic acid, or a mixture of at least two different 

40 polyamide-forming components selected from them. 

[0021] To the polyamide-forming component (raw material) for use in the invention, it is possible to add a known 
terminating agent In order to control the molecular weight or improve the resistance to hot water. As the terminating 
agent, monocarboxylic acids and monoamines are preferred. Additional examples Include acid anhydrides such as 
phthallc anhydride, monoisocyanates, monoacid halides, monoesters and monoalcohols. 

45 [0022] The monocartDoxylic acid usable as a terminating agent Is not particularly limited insofar as it has reactivity 
with amino group. Examples include aliphatic monocarboxylic acids such as acetic acid, propionic acid, butyric acid, 
valeric acid, n-caprolc acid, n-capric acid, lauric acid, tridecylic acid, myristic acid, palmitic acid, stearic acid, pivalic 
acid and isobutyric acid; alicyclic monocarboxylic acids such as cycle hexanecarboxylic acid; aromatic monocarboxylic 
acids such as benzoic acid, toluic acid, a-naphthalenecarboxylic acid, p-naphthalenecarboxylic acid, methyl naphtha- 

50 lenecarboxylic acid, and phenylacetic acid; and the like. In the present invention, these monocarboxylic acids may be 
used either singly or in combination. 

[0023] The monoamine usable as a terminating agent is not particularly limited insofar as it has reactivity with carboxyl 
group. Examples include aliphatic monoamines such as methylamine, ethylamine, propylamine, butylamine, hexy- 
lamine, octylamine, decylamine, stearyiamine, dimethylamine, diethylamine, dipropylamine, and dibutylamine; aliphat- 
55 ic monoamines such as cyclohexylamine and dicyclohexylamine and aromatic monoamines such as aniline, toluidine, 
diphenylamine and naphthylamine; and the like. In the invention, these monoamines may be used either singly or in 
combination. The adding amount of these terminating agent is preferably from 0.001 to 0.25 mol, more preferably from 
0.005 to 0.20, most preferably from 0.01 to 0.17 mol. 



4 



BNSDOCID: <EP 1 179568AlJ_> 



EP1 179 568 A1 



[0024] More preferred terminating agent for achieving the object of the invention are aliphatic monocarboxylic acids 
such as acetic acid and stearic acid, and most preferred is acetic acid. 

[0025] The molecular weight of the polyamide in the polyamide resin composition of the invention is preferably 1 0,000 
to 1,000,000. more preferably 15,000 to 500.000. most preferably 20.000 to 200,000 as a weight-average molecular 
5 weight (Mw) from the viewpoints of excellent moldabillty and mechanical properties. The weight-average molecular 
weight can be determined from gel permeation chromatography (GPC) by using hexafluorolsopropanol (HFIP) as a 
solvent and polymethyl methacrylate (PMMA) as a standard sample for molecular weight. 

[0026] The apatite type compound (B) preferably used In the Invention is represented by the following formula: 

(M2)l0.z(HPO4)2(PO4)6-z(X)2.znH2O 

wherein 0<z<2, 0<n<16, (Mg) represents a metal element, and X represents an anion or an anionic compound. 
[0027] Preferred examples of the metal element (Mg) include elements of Groups 1 , 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 

15 of the periodic table, tin. and lead. These metal elements may be used either singly or In combination. In the invention, 
magnesium, calcium, strontium, and barium which are elements in Group 2, and a mixture of at least two of them are 
particularly preferred from the viewpoints of economy, safety, and physical properties of the resulting resin composition. 
[0028] As the anion or anionic compound represented by X In the above general formula, hydroxyl ion (OH-). fluorine 
ion (F-), chlorine ion (Ct*), and the like can be mentioned as examples. These anion elements or anionic compounds 

20 may be used either singly or in combination. In the invention, a carbonic acid-containing apatite obtainable by substi- 
tuting part of the hydrogenphosphate ion (HPO42-), phosphate ion (P04^) or X in the above general formula with a 
carbonate ion (COs^") may be used. 

[0029] Among the above apatite type compounds, hydroxyapatite (X representing hydroxyl ion), fluorinated apatite 
(a part or all of X representing fluorine ion), chlorinated apatite (a part or all of X representing chlorine ion), a carbonic 
25 acid-containing hydroxyapatite, carbonic acid-containing fluorinated apatite and carbonic acld-containing chlorinated 
apatite and a mixture thereof, each containing calcium as the metal element (Mg) are used most preferably in the 
present invention. 

[0030] Examples of such an apatite type compound-forming component (raw material) include phosphoric acid-based 
meta! compounds and mixtures of a phosphoric acid-based metal compound and a non-phosphoric acid-based metal 

30 compound.. In the invention, mixtures of a phosphoric acid-based metal compound and a non-phosphoric acid-based 
metal compound are more preferred. In the invention, a molar ratio of the metal element to phosphorus may be from 
0,9 to 1 0.0. more preferably from 1 .2 to 5.0, still more preferably from 1 .5 to 2.0. most preferably 1 .55 to 1 .75. 
[0031] Examples of the phosphoric acid of the above-described phosphoric acid-based metal compound include 
orthophosphoric acid, pyrophosphoric acid, tripolyphosphoric acid, metaphosphoric acid, phosphorous acid and hy- 

35 pophosphorous acid. 

[0032] More specific examples of the phosphoric acid-based metal compound include calcium monohydrogenphos- 
phate (CaHP04-mH2O, with the proviso that 0<m<2), calcium dihydrogendiphosphate (CaH2P207), calcium bis(dihy- 
drogenphosphate) monohydrate (Ca(H2P04)2-H20), calcium diphosphate (a- and p-Ca2P207), tricalcium phosphate 
(a- and p-Ca3(P04)2), tetracalcium phosphate (Ca4(P04)20), octacalcium phosphate pentahydrate (CagHg 
40 (P04)6*5H2O), calcium phosphite monohydrate (CaHP03-H20), calcium hypophosphite (Ca(H2P02)2)> magnesium 
secondary phosphate trihydrate {MgHP04-3H20), magnesium tertiary phosphate octahydrate (Mg3(P04)2-8H20) and 
barium phosphate dibasic (BaHP04), and the like. Among them, calcium monohydrogenphosphate (CaHP04-mH20, 
with the proviso that 0<m<2) is preferably employed In the present Invention from the viewpoint of excellent economy 
and physical properties, and particularly, anhydrous calcium monohydrogen phosphate (CaHP04) and calcium mono- 
45 hydrogenphosphate dihydrate (CaHP04-2H20) are preferably employed. These phosphorus-base metal compounds 
may be used either singly or In combination. When they are used in combination, combination of compounds containing 
same kinds of meta! elements such as combination of calcium monohydrogenphosphate dihydrate (CaHP04-2H20) 
and calcium dihydrogendiphosphate (CaH2P207) and combination of compounds containing different kinds of metal 
elements such as combination of calcium monohydrogenphosphate dihydrate (CaHP04-2H20) and magnesium see- 
so ondary phosphate trihydrate (MgHP04-3H20) can be mentioned as examples. Either can be used without any problem. 
[0033] The phosphoric acid-based metal compound for use in the invention, for example, calcium monohydrogen- 
phosphate (CaHP40 mH20 with the proviso that 0<m<2) is available by a known process by mixing a phosphoric acid 
compound and a calcium compound In the presence of water as illustrated in the state diagram of CaO-H20-P205 
system described in "Phosphorus and its Compounds, 1 (1958) by Van Wazer. More specifically, such a compound 
55 may be obtained by adding an alkali phosphate solution and a calcium chloride solution dropwise to a solution of 
potassium dihydrogenphosphate, followed by reacting them; or mixing calcium carbonate or calcium hydroxide with 
an aqueous solution of phosphoric acid. 

[0034] The non-phosphoric acid-based metal compounds in the Invention is not particularly limited insofar as they 



5 

BNSOOCID: <EP n79568Al_L> 



EP 1 179 568 A1 



are compounds other than the above phosphoric acids and capable of forming compounds with a metal element. 
Examples Include inorganic metal compounds, e.g.. metal hydroxides (such as calcium hydroxide, magnesium hydrox- 
ide strontium hydroxide, barium hydroxide, lithium hydroxide, sodium hydroxide, potassium hydroxide, aluminum hy- 
droxide iron hydroxide and manganese hydroxide); metal chlorides (such as calcium chloride, magnesium chloride. 
5 strontium chloride, barium chloride, lithium chloride, sodium chloride, potassium chloride, aluminum chlonde, iron chlo- 
ride and manganese chloride): metalfluorides (such as calciumfluoride, magnesium fluoride, banum fluoride, strontium 

fluoride lithium fluoride, sodium fluoride, potassium fluoride, and aluminum fluoride), metal bromides (such as calcium 
bromide) metal iodides (calcium Iodide, potassium iodide, and copper iodide), metal carbides (such as calcium car- 
bide) metal oxides (such as calcium oxide and magnesium oxide), metal cartDonates (such as calcium cartaonate. 

10 magnesium carbonate, strontium carbonate, barium cartDonate, lithium carbonate, sodium carbonate, potassium car- 
bonate, and aluminum carbonate), metal sulfates (such as calcium sulfate), metal nitrates (such as calcium nitrate) 
and metal silicates (calcium silicate and sodium hexafluorosilicate); compounds of a metal element, and compounds 
of a metal element with a monocarboxylic acid (such as calcium acetate, copper acetate, calcium benzoate and calcuni 
stearate)- compounds of a metal element and a dicarboxylic acid (such as calcium oxalate and calcium tartrate) and 

15 compounds of a metal element and a tricarboxylic acid (such as calcium citrate). In the invention, these non-phosphonc 
acid-based metal compounds may be used either singly or in combination. When at least two of them are combined, 
compounds containing the same metal elements, for example, calcium hydroxide and calcium cartDonate, may be 
mixed or compounds containing different metal elements, for example, calcium carbonate and magnesium hydroxide, 
may be mixed. Among these compounds, metal hydroxides, metal fluorides, metal chlorides, metal carbonates, and 

20 metal oxides and mixtures thereof are preferably used because of excellent economy and physical properties. Partic- 
ularly hydroxides, fluorides, chlorides, and carbonates of a metal belonging to Group 2 of the penodic table such as 
calcium, magnesium, strontium, or barium, and mixtures thereof are more preferred. Among them, hydroxides, fluo- 
rides chlorides, carbonates, and oxides of calcium and mixtures thereof are most preferably employed. 
[00351 The process for producing the non-phosphoric acid-based metal compounds is not particularly limited and 

25 calcium carbonate, for example, may be either a crushed product of natural material or chemically synthesized one. 
Moreover, the crystal morphology and shape are also not parOculariy limited and calcium carbonate, for example, may 
be any of heavy calcium cariDonate, light calcium cartjonate-. colloidal calcium cartDonate. aragonite-type calcium car-- 
bonate vaterite-type calcium carbonate, needle-type calcium carbonate, or a mixture thereof. 

[0036] The phosphoric acid-base metal compounds and non-phosphoric acid-based metal compounds which are 
30 the apatite type compound-forming components may be primary particles, those forming secondary particles owing to 
the agglomeration of the primary particles, or mixtures thereof. Most preferred are those fomiing secondary particles 
derived from the phosphoric acid-base metal compounds. The average particle size of the primary particles constituting 
the secondary particles is from 0.01 to 1 urn, more preferably from 0.01 to 0.5 jim, and the average particle size of the 
secondary particles Is from 0.1 to 50 urn, more preferably from 0.1 to 25 ^m, most preferably 0.1 to 1 0 urn. In addition. 
35 the maximum particle size of the secondaiy particles is preferably 50 nm or less, more preferably 30 jtm or less, most 
preferably 1 0 ^m or less. The average particle size and maximum particle size may be measured by a laser diffraction/ 
scattering type particle size distribution apparatus or by observation through a scanning electronic microscopy (SEM) 
with dispersing the apatite type compound-fonning component in pure water or an alcohol. The following will explain 
more concretely the method of measuring by a laser diffraction/scattering type particle size distribution apparatus. An 
40 apatite type compound-forming component (20 mg) is dispersed in pure water (1 0 ml) and subjected to ultrasonication 
to prepare a measuring sample. Using pure water alone, a blanl< sample is measured by the laser diffraction/scattering 
type particle size distribution apparatus. Based on the particle size distribution obtained, the average particle size is 
calculated according to the following equation. 



45 



Average particle size (jim) = Zd,-n,/Ln| 



wherein dj is particle size (jim) and n| is frequency (%). 

[0037] Moreover, the maximum particle size is determined as a maximum particle size at which the frequency of the 
so particle size distribution obtained as above becomes 0.01 % or less. When the average particle size ormaximum particle 
size of the apatite type compound-forming component is out of the above range, care must be taken at the handling 
or the moldability. mechanical properties, and durability of the resulting polyamide resin composition is not necessanly 

satisfactory. . 
[00381 The specific surface area of the phosphoric acid-base metal compound or non-phosphoric acid-base metal 
55 compound which is the apatite type compound-fomiing component of the invention is from 0.1 to 100 m2/g, more 
preferably 0 5 to 50 m2/g, still more preferably 1 to 25 m2/g, most preferably 2 to 20 m2/g. Particularly, it Is preferred 
that the specific surface area of the phosphoric acid-base metal compound is within the above range. The specific 
surface area can be detemiined according to BET method. More specif icalV. it can be detemnined by vacuum-degassing 



6 



BNSOOCIO: <EP 1 178S68A1J_> 



EP 1 179 568 A1 



an apatite type-forming component (0.5 g) at 40**C under a condition of lO"** mmHg for 24 hours and then measuring 
by a specific surface area measuring apparatus using nitrogen gas as a gas to be absorbed. When the specific surface 
area of the apatite type compound-forming component is out of the range, care must be taken at the handling or the 
moldability, mechanical properties, and durability of the resulting polyamide resin composition is not necessarily sat- 
5 isfactory. 

[0039] As the higher fatty acid metal salt (C)(i), a higher saturated fatty acid metal salt, a higher unsaturated fatty 
acid metal salt, or a mixture thereof may be preferably used. 

[0040] The higher saturated fatty acid metal salt is represented by the following general formula. 

CH3(CH2)nCOO(M,) 

wherein n = 8 to 30 and, as the metal element (Mi), an element of Group 1. 2, or 3 of the periodic table, zinc, and 
aluminum, or the like is preferably used. 

15 [0041] Among them, more preferred examples include lithium salts, sodium salts, magnesium salts, calcium salts, 
zinc salts, aluminum salts and the like of capric acid, uradecyiic acid, lauric acid, tridecylic acid, myristic acid, penta- 
decylic acid, palmitic acid, heptadecyllc acid, stearic acid, nonadecanoic acid, arachic acid, behenic acid, lignoceric 
acid, cerotic acid, heptacosanoic acid, montanic acid, melissic acid, and iacceric acid, or mixtures thereof. 
[0042] As the higher unsaturated (atty acid metal salt, preferably used is a metal salt of an unsaturated fatty acid 

20 having 6 to 22 carbon atoms with an element of Group 1,2, or 3, zinc, aluminum, or the like. Among them, more 
preferred examples include lithium salts, sodium salts, magnesium salts, calcium salts, zinc salts, aluminum salts and 
the like of undecylenic acid, oleic acid, elaidic acid, cetoleic acid, erucic acid, brassidic acid, sorbic acid, linoleic acid, 
linolenic acid, arachidonic acid, stearolic acid, 2-hexadecenic acid, 7-hexadecenic acid, 9-hexadecenlc acid, gadoleic 
acid, gadoelaidic acid, and 11-elcocenic acid, or mixtures thereof. 

25 [0043] The metal halide constituting the mixture (C) (ii) of the invention is a salt between halogen and a metal element 
of Group 1 or 2 of the periodic table, and preferred examples include potassium iodide, potassium bromide^rpotassium 
chloride, sodium iodide, sodium chloride, and the like, or mixtures thereof. Among them, most preferred are potassium 
Iodide, potassium bromide and a mixture thereof. 

[0044] Examples of the copper compound constituting the mixture (C)(ii) of the invention include halides, sulfate, 
30 acetate, propionate, benzoate, adipate. terephthalate. salicylate, nicotinate, stearate of copper, chelate compounds 
such as ethylenediamine and ethylenediaminetetraacetic acid of copper, and the like or mixtures thereof. Among them, 
preferred are copper iodide, cuprous bromide, cupric bromide, cuprous chloride, and copper acetate. 
[0045] The metal halide and the copper compound are used in combination, and the mixing ratio of the metal halide 
and the copper compound is preferably within the range of 0.1/1 to 200/1 , more preferably the range of 0.5/1 to 1 00/1 , 
35 most preferably 2/1 to 40/1 , as a molar ratio of halogen to copper from the viewpoint of the improvement of heat 
resistance and corrosion at production. 

[0046] The mixing amount of the higher fatty acid metal salt (C)(i) and/or the mixture (ii) of the metal halide and the 
copper compound is, relative to 100 parts by weight of a polyamide, from 0.01 to 20 parts by weight, preferably 0.01 
to 1 0 parts by weight, more preferably 0.25 to 5 parts by weight, most preferably 0.05 to 1 parts by weight. When the 
40 mixing amount of the compound (C) is less than 0.01 part by weight, moldability heat-resistant ageing property, and 
the like are not so improved that the object of the invention is achieved and thus the case is not preferred. When the 
amount exceeds 20 parts by weight, silver-like spots occur on the surface of the molded product and the appearance 
tends to be deteriorated. Also, the mechanical properties of the molded product tends to be deteriorated, and thus the 
case is not preferred. 

45 [0047] The polyamide resin composition of the invention may be mixed with other resin. Preferred other resin is at 
least one resin selected from polyphenylene ether resins, polyoxymethylene resins, aromatic polyester resins, aromatic 
polycarbonate resins, poiyarylene sulfide resins, polyolefin resins, styrene resins, acrylic resins, and rubbers. Partic- 
ularly preferred is a mixture with a polyphenylene ether resin. Moreover, a conventional polyamide resin may be incor- 
porated into the polyamide resin composition of the invention. 

50 [0048] A preferred polyphenylene ether resin of the invention may be a polymer comprising a repeating unit repre- 
sented by the following formula: 



55 
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u - o o D cnrtR p«nh indeoendentlv represent a monovalent substituent selected from hyd^^^^ 

' y x^^^w^K, D onH R Aarh is an alkvl aroup having 1 to 4 carbon atoms, and R3 and R4 eacn IS 

Lse polyphenylene resins to which a styrene compound is grafted, or mixtures thereof may be . 
(0M9] Tthe'^^^ compound to be grafted to the above polyphenylene ether res.n. styrene. a-methylstyrene. 

using a complex between a cuprous salt and an amine as a catalyst according to y '^^^^^^^^ 

S Patent No 33086874 for example. Alternatively, the resin can be easily produced according 

Lbed ii U S PaS Nos 33086875. 3257357. and 3257358. Japanese Patent Publication No. 17880/1977. Japa- 

SSe es in is modmed with a compound having, for example, amino group ca joxyl group W~up. or^^^^^^ 
[OOSzVV'hTpWhenylene ether resin for use in the invention has P-^-^^^ -'"^""f 

ness, and the like occurs and thus the case is not preferred. 

[0054] The process for producing the polyamide composite of the invention may be any of. 

(Process 1) a process of incorporating an apatite type compound into a polyamide-fom^ing component, followed 

?pVo:l'sr;;Cces: SCo'^atmg an apatite type compound into a polyamide according to a me.-kneading 

!J.focels 3) a process of incorporating an apatite type compound-fomning component (raw material) into a polya- 
mide "^ing component (anSher raw material), followed by potymerization of a polyamide and synthesis of an 

(pSc^ss 4^ aTocrs of using polyamide composite pellets obtained by any of the 

mas2^ atch and mixing the pellet with polyamide pellets or other resin -^"^ "^^^^^^^ 

a process wherein these processes are combined. Among the processes, preferred is (Process 3). Particu 
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larly, It includes the process of heating the mixture of the polyannide-f orniing component and apatite type compound- 
forming component under reduced pressure, normal pressure, or a pressurized condition to polymerize the polya- 
mide-forming component in the presence of the apatite type compound-forming component and then synthesizing 
the apatite-type compound; or the process of reacting the apatite-type-forming component in the presence of the 
5 polyamide-fomning component and then polymerizing the polyamide. More preferred Is a process of reacting the 

mixture of the polyamide-forming component and apatite type compound-forming component to allow the polym- 
erization of the polyamide and the synthesis of the apatite type compound to proceed simultaneously at 40 to 
aoCC under reduced pressure, normal pressure, or a pressurized condition. 

10 [0055] Examples of the process for producing the apatite type compound used in the above (Process 1 ) or (Process 
2) include wet synthesis, hydrothermal synthesis, and dry synthesis which are conventionally employed. 
[0056] The wet synthesis is a process of using an aqueous calcium salt solution and an aqueous phosphoric acid 
salt solution as the apatite-type-forming component and reacting them to obtain calcium phosphate having an atomic 
weight ratio of Ca/P = 1 .40/1 to 1 .67/1 . As a specific example thereof, there may be mentioned a process disclosed in 

15 Japanese Patent Laid-Open No. 167209/1989, i.e., a process of maturing hydroxy apatite formed by maintaining an 
aqueous suspension of calcium chloride and dipotasslum hydrogen phosphate under conditions of pH 4 or higher and 
about 70**C. 

[0057] As a specific example of the hydrothemnal synthesis, there may be mentioned a process disclosed in Japanese 
Palenl Publication No. 51485/1 984, i.e., a process of using monocalcium hydrogen phosphate dihydrate (or monocal- 
20 cium hydrogen phosphate anhydride) and calcium hydroxide as the apatite type-fomning component and reacting them 
under hydrothemial conditions of 200 to 400**C and 1 5 to 200 atm in an autoclave. 

[0058] As a specific example of the dry synthesis, there may be mentioned a process disclosed in Japanese Patent 
Publication No. 51485/1984, i.e., a process of using octacalcium phosphate pentahydrate and calcium compound as 
the apatite type-forming component and subjecting them to a solid-state reaction at 1000 to 1300°C. 

25 [0059] In the case of incorporating the apatite type compound obtained by these methods into a polyamide-forming 
component (Process 1 ) or a polyamide ( Process 2), the apatite type compound may be incorporated either ia^a powdery 
form or in a state of suspending it in a hydrophilic solvent such as water or an alcohol. Moreover, the power or suspension 
of the apatite type compound may be mechanically crushed by means of an apparatus such as a ball mill and then 
incorporated into the polyamide-forming component or polyamide in a powdery or suspension state. 

30 [0060] In the above (Process 3), the method of incorporating the polyamide-forming component with the apatite type 
compound-fomriing component may be either a process of directly.mixing the polyamide-forming component in a solid 
form and the apatite type compound-forming component or a process of mixing an aqueous solution of the polyamide- 
fomilng component and an aqueous solution or suspension of the apatite type compound-fomriing component. In order 
to improve the disperslbility of the apatite type compound, a compound such as a dispersant or complexing agent may 

35 be added to the polyamide-forming component or apatite type compound-fonning component as needed. 

[0061] The mixing amount of the apatite type compound-fomriing component in the above (Process 3) is preferably 
from 0.05 to 200 parts by weight, more preferably from 0.1 to 100 parts by weight, and particularly preferred is 1 to 
100 parts by weight, relative to 100 parts by weight of the polyamide-fomiing component. When the mixing amount of 
the apatite type compound-fonning component is less than 0.005 part by weight relative to 100 parts by weight of the 

40 polyamide-forming component, the improving effect on the mechanical properties of the resulting molded product is 
not so remarkable that the object of the invention is achieved. On the other hand, when the amount exceeds 200 parts 
by weight, care must be taken on the problems such as the deterioration of moldability. 

[0062] In the invention, no particular limitation Is imposed on the nature of the above-described dispersant and any 

known dispersant can be employed. For example, anionic surfactants, cationic surfactants, amphoteric surfactants, 
45 nonionic surfactants, nonionic surfactants, and the like as descnbed in pp. 232 to 237 of "Bunsan - Gyousyuu no Kaimei 
to Ouyou Gijutu (Elucidation of Dispersion • Agglomeration and Applied Technology)" (supervised by Fumio KItahara, 
published by Techno System Co., Ltd.). Among them, anionic surfactants and nonionic surfactants are preferably em- 
ployed. In particular, from the viewpoints of cost and physical properties, sodium citrate, sodium polyacrylate, ammo- 
nium poiyacrylate, styrene-maleic anhydride copolymer, olefin-maleic anhydride copolymers such as ethylene-maleic 
so anhydride copolymer, and sucrose esters such as sucrose stearate are more preferably employed. 

[0063] The complexing agent is not particularly limited insofar as it is a compound forming a complex with a metal 
ion. Examples Include ethylenediaminetetraacetic acid, nitrilotriacetic acid, cyclohexanediaminetetraacetic acid, gly- 
col et herd i am in etetraacet ate, diethylenetriaminepentaacetic acid, citric acid, gluconic acid, tartaric acid, malic acid, 
succinic acid, aliphatic amines such as ethylenediamine, urea, and the like. Among them, citric acid, ethylenediami- 
55 netetraacetic acid, and ethylenediamine are particularly preferred from the viewpoints of cost and physical properties. 
[0064] For the polymerization of the above polyamide, any known process can be employed. For example, usable 
is a process wherein a component sparingly soluble In water such as 11-aminoundecanoic acid js employed as a 
forming component and heated at 40 to 300®C to effect polycondensation; a nng-opening polycondensation process 
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wherein an aqueous solution of e-caprolactam Is employed as a forming component, mixed with a terminating agent 
such as a monocarboxylic acid or a reaction accelerator such as e-aminocaproic acid as needed, and heated at 40 to 
300*^0 under the flow of an inert gas to effect polycondensatlon; or a heat-melt polycondensation process wherein an 
aqueous solution of a salt of a diamine and a dicarboxylic acid such as hexamethylene adipamide is concentrated 

5 under heating at a temperature of 40 to SOO^C, the water vapor thus generated is maintained at a pressure between 
normal pressure to 20 atm, and finally, after release of the pressure, polycondensation is effected under normal or 
reduced pressure. Furthermore, usable are solid-phase polymerization wherein polymerization is carried out at a tem- 
perature not higher than the melting point of a solid salt of a diamine and a dicarboxylic acid and that of a polycondensate 
thereof; or solution polymerization wherein a dicarboxylic acid halide component and a diamine component are poly- 

10 condensed in a solution; or the like. These processes may be used in combination, if necessary. Among them, in the 
Invention, for attaining a polyamide composite having an aimed molecular weight, most preferred is the heat-melt 
polycondensation process or the combination of the polycondensation process and the solid-state polymerization proc- 
ess. 

[0065] The polymerization apparatus is also not particularly limited and a known one such as an autoclave-type 

15 reactor, a tumbler type reactor, or an extrusion type reactor such as kneader can be employed. 

[0066] The polymerization mode may be either a batchwise or continuous manner. The heat-melt polycondensation 
will be more specifically described. In the batchwise manner, a 40 to 60% by weight suspension containing an polya- 
mide-forming component and an apatite type compound-forming component using water as a solvent Is first concen- 
trated to a concentration of 65 to 85% by weight in the vessel of a preliminary evaporator operated at a temperature 

20 of about 1 30 to 1 SO^'C and a pressure of about 0.035 to 0.5 Mpa. Then, the concentrated solution is transfen-ed to an 
autoclave and the whole is continuously heated until the pressure in the vessel reaches about 1 .5 to 2.0 Mpa. Thereafter, 
the pressure is maintained at about 1 .5 to 2.0 Mpa with releasing water or gas component and, at the time when the 
temperature reaches about 250 to 280*»C, the pressure is lowered to atmospheric pressure over a period of about 45 
to 90 minutes. Thereafter, the polyamide is extruded to fomri a strand, which is transformed to pellets after cooling and 

25 cutting. The continuous polymerization is also well known in the art as disclosed in U. S. Patent No. 3947424. More 
specifically, a 40 to 60% by weight suspension containing an potyamide-forming component and an apatite type com- 
pound-forming component using water as a solvent is pre-heated to about 40 to QO'C in the vessel of a pre-heating 
apparatus, and then transferred to a preliminary evaporator/reactor, where the suspension is concentrated to a con- 
centration of about 70 to 90% by weight at a pressure of about 0.1 to 0.5 Mpa and a temperature of about 200 to 270°C. 

30 Then, the suspension is discharged into a flasher, wherein the pressure is slowly lowered to about atmospheric pres- 
sure, and then the suspension is discharged into a vessel which Is maintained at atmospheric pressure or lower and 
at a temperature of about 270 to 300°C. Moisture is removed and the polyamide melted product is extruded to fonn a 
strand, which is transfonned to pellets after cooling and cutting. 

[0067] According to the studies by the present Inventors, in the case of using (Process 3), the interface between the 

35 polyamide and the apatite type compound Is most extremely well fixed and adhered and the properties of the resulting 
polyamide resin composition is excellent. The apatite type compound-forming component of phosphoric acid-base 
metal compound, for example, calcium monohydrogen phosphate dihydrate first becomes porous by dehydration at 
the eariy stage of the polymerization of the polyamide. To the porous fomnlng composition was adsorbed and adhered 
the polyamide-forming component or a polymerizlng-poiyamide through physical and chemical interaction. Then, the 

40 porous apatite type compound-fonning component changes into the apatite type compound as the process proceeds. 
In the process, a reaction of transfomning from porous substance to fine particles occurs and finally particles having a 
size of several tens to hundred nm are formed, which is homogeneously dispersed in the polyamide. As is understood 
from the formation mechanism, the apatite type compound-forming component, particulariy the phosphoric acid-base 
metal compound is preferably porous as described above, and there is a tendency that a smaller average particle size 

45 and maximum particle size results in a better properties of the resulting polyamide composite. 

[0068] I n the case of Incorporating a conventional additive for the purpose of Improving the properties of the polyamide 
and imparting functionality to it, particularly in the case of incorporating an additive of a compound containing a metal 
element, it is found that the incorporation of the additive at the time when the apatite type compound-forming component 
remains results in the inhomogeneous dispersion of the apatite type compound fonned or the presence of partially 

so large particles having a size of several tens ^m in the polyamide, the reasons being uncertain. In addition, there arise 
problems that the molded product obtained from the composition exhibits not only no achievement of the improvement 
of the properties and the Impartment of functionality which are objects of the Invention but also an insufficient improve- 
ment of strength and rigidity and a remarkable decrease of toughness. Based on these results, the present inventors 
have found that, in the case of incorporating an additive compound, especially a compound containing a metal element 

55 for the purpose of improving the properties and imparting functionality, the incorporation of the additive after the com- 
pletion of the formation of the apatite type compound results in a polyamide resin composition having aimed properties 
and functionality, wherein an apatite type compound of fine particles having a size of several tens to hundred nm is 
homogeneously dispersed in the polyamide. 
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[0069] According to the studies by the inventors, in the case of (Process 3), for example, polymerization by heat- 
melt polycondensation in the above batchwise or continuous manner using an equimolarsalt of hexamethylenediamine 
and adipic acid as the polyamide-forming component and a mixture of calcium monohydrogen phosphate and calcium 
carbonate and/or calcium fluoride as the apatite type compound-forming component, it is confirmed that the apatite 

5 type compound-forming component scarcely remains at the time when the step of concentration is finished. 

[0070] The process for producing the polyamide resin composition of the invention may be any process of incorpo- 
rating component (C) in a step after the completion of the formation of the apatite type compound. More specifically, 
there may be mentioned a process of incorporating component (C) in the step of producing a polyamide composite 
(Process 1) wherein an apatite type compound is incorporated and then a polyamide is polymerized; a process of 

10 incorporating component (C) in the step of producing a polyamide composite (Process 2), wherein an apatite type 
compound is incorporated into a polyamide according to a melt-kneading method; a process of incorporating component 
(C) in a step after the completion of the fomnation of the apatite type compound in (Process 3); or a process wherein 
these processes are combined. Component (C) may be incorporated as it is, or may be incorporated as a masterbatch 
prepared beforehand using a polyamide or the like^ or may be incorporated as a solution or suspension in a solvent. 

15 [0071] Among the above processes, in the case of the production by melt-kneading, a kneader generally utilized can 
be employed as an apparatus for melt-kneading. Examples of preferred kneader include a single-screw or multi-screw 
kneading extruder a roll, a Banbury mixer, and the like. In particular, most preferred is a twin-screw extruder equipped 
with a pressure-reducing apparatus and a side-feeder apparatus. 

[0072] As the niethod of mell-kneading, there may be mentioned a method of kneading all the components at once; 
20 a method of kneading a blend pre-kneaded beforehand, e.g., a method of further melt-kneading a pre-kneaded product 
of a polyamide and apatite type compound with a pre-kneaded product of a polyamide and a heat-resistance improver; 
or a method of feeding each component successively in the mid flow of an extruder, e.g., a method of feeding succes- 
sively a moldability improver, a polyphenylene ether resin, and a rubber component to a polyamide composite in the 
mid flow of an extruder. 

25 [0073] As the conditions of melt-kneading, the degree of reduced pressure is preferably from about 0 to 0.07 Mpa. 
The temperature at melt-kneading is preferably a temperature which is from 1 to 100°C higher than the meJting point 
or softening point of a polyamide or a resin other than a polyamide determined on differential scanning-calorimetry 
(DSC) measurement in accordance with JIS K71 21 . The shearing speed at a kneader is preferably 1 00 (sec-"") or more, 
and the average residential time at kneading is preferably form about 1 to 15 minutes. The content of solvent In the 

30 polyamide resin composition is preferably about 1% by weight or less. When each condition is out of the range, there 
is a possibility of decrease of productivity, deterioration of moldability, unsatisfactory appearance of the resulting molded 
product, or an insufficient improving effect of physical properties. 

[0074] The confirmation of the apatite type compound of the present invention may be effected by a method of direct 
confinnation by subjecting a sample during the polymerization process, a polyamide composite or polyamide resin 
35 composition, or a molded product thereof to wide-angle X-ray diffraction, infrared absorption spectrum, or the like, or 
a method of confirmation by eluting the polyamide or other mixed resin with a solvent capable of dissolving the polya- 
mide or other mixed resin to separate the apatite type compound and subjecting the apatite type compound thus 
separated to wide-angle X-ray diffraction, infrared absorption spectrum, or the like. 

[0075] As the solvent capable of dissolving the polyamide and other resin, the solvents described in, for example, 

40 No. Vlt (Solvents and Non-solvents for Polymers) of "POLYMER HANDBOOK Third Edition" (supervised by J. Brandrup 
and E. H. Immergut/A Wiley-lnterscience Publication). In the invention, it is preferred to employ phenol solvent as the 
solvent capable of dissolving a polyamide. In the case that other resin is a polyphenylene resin, for example, use of 
chlorofonn solvent is pretended as the soluble solvent. Specifically, the operation for dissolution may be multistep op- 
eration of dissolving the polyphenylene resin first with using a sufficient amount of chloroform solvent, and then dis- 

45 solving the polyamide with using a sufficient amount of phenol solvent. 

[0076] Although the apatite type compound of the present invention may be either crystalline or amorphous apatite 
type compound, the crystalline one is more preferred from the viewpoint of physical properties. Specifically, the con- 
firmation of crystallinity of the apatite-type compound may be effected by measuring wide-angle X-ray diffraction using 
copper Ka (wavelength X = 0.1542 nm) as a radiation source of X-ray and confirming the existence of a (002) plane 

50 peak at a diffraction angle (20) of 25.5 to 26.5° and the existence of a (300) plane peak at a diffraction angle (2G) of 
32.5 to 33.5*». In the invention, a crystalline apatite type compound thus confinned is particulariy preferred. 
[0077] The content of the apatite type compound of the invention is preferably from 0.05 to 200 parts by weight, more 
preferably from 0.1 to 100 parts by weight, particulariy preferably from 1 to 100 parts by weight relative to 100 parts 
by weight of a polyamide. The content of the apatite type compound can be determined, for example, from an ignition 

55 loss measured in accordance with JIS R3420 using a polyamide composite. Moreover, the content of the apatite type 
compound can be also determined from a polyamide composite, or even a polyamide resin composition or a molded 
product thereof by combining the above Ignition loss and a solvent extraction, NMR, Infrared absorption spectrum, or 
the like as needed. When the content of the apatite type compound is less than 0.O5 parts by weight relative to 100 
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parts by weight of a polyamide, an improving effect of the resulting molded product Is not so remarkable that the object 
of the invention is achieved. On the other hand, when the content exceeds 200 parts by weight, care must be taken 
on the problem of deterioration of moldabllity. 

[0078] In the apatite type compound of the invention, the ratio of the metal element to phosphorus is preferably from 
5 0.9 to 10.0, more preferably from 1 .2 to 5.0, particularly preferably from 1 .3 to 2.5, as a molar ratio. When the ratio is 
less than 0.9, inclusion of air babbles or foaming tends to occur at extrusion or molding, which presumably lowers the 
yield of the molded product. When the ratio exceeds 10.0, on the other hand, toughness tends to be deteriorated. 
[0079] The apatite type compound of the Invention contains an organic substance, and the organic substance must 
be contained in an amount of 0.5 to 100 parts, preferably 1 to 100 parts by weight, more preferably 3 to 75 parts by 
10 weight, particularly preferably 4 to 50 parts by weight per 1 00 parts by weight of the apatite type compound. Since the 
organic substance is Included Inside or surface of the apatite type compound by physical or chemical interaction such 
as an ionic bonding reaction, an adsorption reaction or a grafting reaction, the organic substance has a nature that it 
does not dissolve or elute into phenol solvent even when an operation for dissolution is conducted with using phenol 
solvent capable of dissolving a polyamide. This nature extremely enhances fixing and adhesiveness between the 
IS apatite type compound and the polyamide which is a matrix. When the amount of the organic substances is less than 
0.5 part by weight per 100 parts by weight of the apatite type compound, there is a possibility that the toughness of 
the resulting molded product decreases largely. When the amount exceeds 100 parts by weight, on the other hand, 
the moldabllity tends to be deteriorated. 

[0080] The apatite type compound of the invention preferably has an average particle size of 0.01 to 1 ^.m, more 
20 preferably 0.01 to 0.5 p,m. In the invention, the average particle size can be determined by electron microphotographic 
observation and the average particle size is calculated as described below. That is, an ultra thin piece cut out from the 
polyamide composite, the polyamide resin composition, or the molded product is photographed under transmission 
electron microscope (TEM: x 50,000 or 100,000 magnification) and the particle size dj (^im) and the number nj of the 
particles are determined, followed by calculation of the average particle size based on the following equation. 

25 

Average particle size = Zdj-nj/Snj 

[0081] The dispersing mode of the polyamide and other resin in the mixture can be observed on an electro micro- 
be? photograph. More specifically, the dispersing mode of the mixture of a polyamide and polyphenylene ether resin, for 
example, can be observed with an ultra thin piece prepared according to staining solid method with osmium tetraoxide 
and/or ruthenium tetraoxide using transmission electron microscope (TEM). 

[0082] The dispersing mode may be either the case that a polyamide constitutes a continuing phase and other resin 
constitutes a dispersing phase or the case that the other resin constitutes a continuing phase and the polyamide con- 

35 stitutes a dispersing phase, but since the object of the invention can be more effectively achieved, it is prefen-ed that 
the polyamide constitutes a continuing phase and the other resin constitutes a dispersing phase. 
[0083] The average particle size of the dispersing phase is from 0.01 to lO^im, preferably from 0.1 to 5 p.m. When 
the average particle size is out of the above range, impact resistance tends to decrease. The average particle size of 
the resin can be determined by microphotographic observation of an ultra thin piece electron prepared according to 

"^0 the above staining solid method and the average particle size is calculated as described below. That is, an ultra thin 
piece cut out from the resin composition or the molded product thereof is photographed under transmission electron 
microscope and the particle size d| (p.m) of the dispersing phase and the number nj of the particles are determined, 
followed by calculation of the average particle size based on the following equation. 

45 

Average particle size Xdj-n/Zni 

[0084] In the case where the particle does not seem to have a spherical shape, the longer diameter and shorter 
diameter thereof are measured and the half of the sum of these diameters is designated as the particle size. In addition, 

so for the calculation of the average particle size, the sizes of at least 2000 particles must be measured. 

[0085] The apatite type compound of the invention shows a high affinity to a polyamide. Therefore, it is preferred 
that 50% by weight or more, preferably 75% by weight or more, most preferably 90% by weight or more of the apatite 
type compound is present in the polyamide in a homogeneously dispersed state, from the viewpoint that the aimed 
improving effect is achieved by the existence in the polyamide. 

55 [0086] To the polyamide resin composition of the invention, a moldability improver other than the higher fatty acid 
metal salts may be added. The above moldability improver is at least one compound selected from the compounds 
consisting of phosphate esters, phosphite esters, higher fatty acids, higher fatty acid esters, higher fatty acid amide 
compounds, polyalkylene glycols or terminal-modified compounds thereof, low-molecular-weight polyethylene or oxi- 
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dized low-mo!ecular-weight polyethylene, substituted benzylidene sorbitols, polysiloxanes, caprolactones, and Inor- 
ganic crystal-seeding agents. 

[0087] For the purpose of preventing heat deterioration and discoloration at heating and improving heat-resistant 
aging property and weathering resistance, a deterioration-inhibiting agent may be added to the polyamide resin com- 
5 position of the invention. The above deterioration-inhibiting agent is at least one compound selected from phenol-type 
stabilizers such as hindered phenol compounds, phosphite-type stabilizers, hindered amine-type stabilizers, triazlne- 
type stabilizers, and sulfur-type stabilizers. 

[0088] A coloring agent may be added to the polyamide resin composition of the invention. The above coloring agent 
is at least one coloring agent selected from dyes such as Nigrosine; pigments such as titanium oxide or carbon black; 
10 particles of metals such as aluminum, colored aluminum, nickel, tin. copper, gold, silver, platinum, iron oxide, stainless 
steel and titanium; pearl pigments made of mica; metallic pigments such as color graphites, color glass fibers, and 
color glass flakes; and the like. 

[0089] To the polyamide resin composition of the invention may be added conductive carbon black. The above carbon 
black is at least one carbon black selected from acetylene black, Ketjenblack, carbon nanotube. and the like. Among 
^5 them, preferred is one having a good linear structure and a large cohesive density. 

[0090] A flame retardant may be incorporated into the polyamide resin composition . The flame retardant Is preferably 
a non-halogen-type flame retardant or a bromine-type flame retardant. 

[0091] The above non-halogen-type flame retardant is at least one. flame retardant selected from phosphorus-type 
flame relardants such as red phosphorus, ammonium phosphate, and ammonium polyphosphate; inorganic compound- 

20 type flame retardants including metal hydroxides or inorganic metal compounds such as aluminum hydroxide, mag- 
nesium hydroxide, dolomite, hydrotalcite, calcium hydroxide^ barium hydroxide, basic magnesium carbonate, zirconium 
hydroxide, tin oxide, zinc stannate, and zinc hydroxystannate, boric acid compounds such as zinc borate, zinc metab- 
orate, and barium metaborate, and the like; triazine-type flame retardants such as melamlne, melam, melem, mellon 
(a product derived from elimination of three ammonia molecules from three melem molecules at SOO^C or higher), 

25 melamine cyanurate, melamine phosphate, melamine polyphosphate, succinoguanamine, adipoguanamine, methyl- 
glutaroguanamlne, and melamine resin; silicone-type flame retardants such as silicone resins, silicone oils, and silica. 
[0092] The above bromine-type flame retardant is at least one flame retardant selected from the compounds con- 
sisting of brominated polystyrenes, brominated polyphenylene ethers, brominated bisphenol-type epoxy polymers, and 
brominated crossiinked aromatic polymers. 

30 [0093] An inorganic filler may be incorporated into the polyamide resin composition of the invention. The above 
inorganic filler is at least one inorganic filler selected from glass fibers, carbon fibers, wollastonite, talc, mica, kaolin, 
barium sulfate, calcium carbonate, apatite, sodium phosphate, fluorite. silicon nitride, potassium titanate, molybdenum 
disulfide, and the like. 

[0094] The present inventors presume that, in the case of incorporating the additive conventionally used for these 
35 polyamide resins, a similar aimed improving effect can be also attained by incorporating it after the formation of the 
apatite type compound as in the invention. 

[0095] Since the polyamide resin composition of the Invention is excellent in various kinds of moldability, it can be 
well molded and processed even by the use of molding methods generally known for plastics such as pressing, iriject[qn 
molding, gas-assisted injection molding film forming, welding, extrusion, blow molding, film fomning, blow molding, 
40 multilayer forming, expansion molding, melt spinning, and the like. In addition, the molded product obtained from the 
resin composition of the invention is excellent in rigidity, strength, toughness, weathering resistance, heat-resistant 
aging property, and the like as compared with conventional resin compositions, so that it is expected to employ the 
resin composition for the application to various parts such as automobile parts, electronic/electrical parts, Industrial 
machine parts, various gears, and for extrusion uses. 

45 

EXAMPLES 

[0096] The present invention will be Illustrated in greater detail with reference to the following Examples. It should 
however be noted that the present invention is not limited to the Examples unless exceeding the gist of the present 
50 invention. Physical properties described in the following Examples and Comparative Examples were evaluated as 
follows: 

1 . Characteristics of the polyamide-forming component and apatite type compound-fomning component 

55 (1-1) Content {% by weight) of the apatite type compound-forming component: 

[0097] It was calculated from the mixing amounts of the polyamide-fomning component and apatite type compound- 
forming component added. 
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(1 -2) Molar ratio of the metal element to phosphorus In the apatite type compound-forming component: 

[0098] A molar ratio of the metal element to phosphorus was calculated from the amount of the apatite type com- 
pound-forming component incorporated and molecular weight thereof. 

5 

2. Characteristics of the polyamide resin composition 
(2-1) Weight-average molecular weight (Mw): 

10 [0099] It was determined by gel permeation chromatography (GPC). As an apparatus, detector, solvent and column, 
"HLC-8020" manufactured by TOSOH CORPORATION, a differentia! refractometer (Rl), hexafluoroisopropanol (HFIP) 
and two TSKgel-GMHHR-Hs and one G1000HHR manufactured by TOSOH CORPORATION were employed, respec- 
tively. The flow rate of the solvent was 0.6 ml/minute and sample concentration was 1 to 3 (mg of sample)/1 (ml of 
solvent). The sample solution was filtered to remove the Insoluble matter, whereby a measurement sample was ob- 

15 tained. Based on the resulting elution curve, the weight average molecular weight (Mw) was calculated In terms of 
polymethyl methacrylate (PMMA). 

(2-2) Quantitative determination of the content of the apatite type compound (% by weight): 

20 [0100] A polyamide resin composition was dried at 1 GO ± 20°C for 8 hours, followed by cooling. One g of the com- 
position was weighed on a platinum boat and incinerated in an electric oven of 650 ± 20**C. After cooling, the residue 
was weighed and the content of the apatite type compound was detemnined. 

(2-3) Molar ratio of the metal element to phosphorus: 

25 

(a) Quantitative determination of the metal element: 

[0101] Determination of the metal element will next be described using calcium as an example, which can similarly 
be applied to the detenni nation of another metal element. 
30 [0102] The polyamide resin composition (0.5 g) was weighed on a platinum boat and incinerated in an electric oven 
of 500® C. After cooling, 5 ml of hydrochloric acid and 5 ml of pure water were added thereto and the whole was dissolved 
by boiling on a heater. The resulting solution was cooled again and then pure water was added to make the solution 
500 ml. Detennination was conducted at a wavelength of 317.933 nm by using "IRIS/IP" manufactured by Thermo 
Jarrell Ash in accordance with inductively coupled plasma (ICP) emission spectrometry. 

35 

(b) Determination of phosphorus: 

[0103] The polyamide resin composition (0.5 g) was weighed, and 20 ml of concentrated sulfuric acid was added 
thereto, followed by wet decomposition on a heater. After cooling, 5 ml of hydrogen peroxide was added and the 
40 resulting mixture was heated on a heater to concentrate the whole amount to 2 to 3 ml. The concentrate was again 
cooled and pure water was added to make it 500 ml. Determination was conducted at a wavelength of 21 3.61 8 (nm) 
in accordance with inductively coupled plasma (ICP) emission spectrometry by using "IRIS/IP" manufactured by Ther- 
mo Jarrell Ash. 

45 (2-4) Amount of the organic substance (part by weight/1 00 parts by weight of the apatite type compound): 
(a) Separation of the apatite type compound: 

[01 04] Ten g of the polyamide resin composition was weighed and mixed with 200 ml of 90% by weight phenol. The 
50 resulting mixture was stirred at 40** C for 2 hours. Using a centrifugal separator ("H1 03RLH" manufactured by Kokusan 
Enshinbunriki K.K.), the reaction mixture was subjected to separating operation by centrlfuging at 20000 rpm for 1 hour 
and the supernatant solvent was removed, To the residue was added 200 ml of phenol. Then, the similar dissolving 
operation and separating operation using a centrifugal separator were repeated 4 times. Then, 200 ml of 99.5% by 
weight ethanol was added to the residue, followed by stirring at 23**C for 2 hours, and then, separating operation was 
S5 conducted at 20000 rpm for 1 hour by using a centrifugal separator and the supernatant solvent was removed. These 
operations were repeated further 4 times. Thereafter, the residue was dried in a vacuum drier at 80*'C for 12 hours, 
whereby the aimed apatite type compound was obtained. 
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(b) Measurement of a heating loss ratio ot the separated apatite type compouncf: 

[0105] Ten mg of the apatite type compound obtained in (a) of (2-4) was weighed and a heating loss ratio X was 
determined by thermogravimetric analyzer (TGA). Using TGA-50" manufactured by Shimadzu Corporation as an ap- 
5 paratus, the temperature was raised from 30^*0 to SSO^C at a rate of 99.9°C/min and then maintained at 550°C for 1 
hour. From the initial weight (WJ at 30**C and the final weight (W^) after maintained at 550°C for 1 hour, a heating ioss 
ratio was calculated in accordance with the following fonnula. 

Heating loss ratio X (part by weight/1 00 parts by weight of the apatite type compound) = (W^, - ) x 1 00/W^ 

(c) Quantitative determination of the organic substance: 

[0106] Three mg of the apatite type compound obtained in (a) of (2-4) was weighed and subjected to pyrolysis gas 
15 chromatography (GC) and pyrolysis GC/MS under the following conditions, whereby a pyrogram was obtained, 

• Pyrolysis 

Apparatus: "Double shot pyrolyser PY-2010D'' manufactured by Frontier Inc. 
20 Thermal decomposition temperature: 550**C 

• Gas chromatography (GC) 

Apparatus: "HP-5890" manufactured by HEWLETT PACKARD 
25 Column: "DURABOND DB-1" manufactured by J&W Inc. (0.25 mm I.D. x 30 m, film thickness: 0.25 p.m) 

Column temperature: 50°C -> 320**C (heating rate: 20*C/min) 
Injection temperature: 320° C 
Detector temperature: 320°C 

30 • Mass spectrum (MS) 

Apparatus: "AutoMS System II" manufactured by JEOL Ltd. 
Ionization: El (70V) 

Mass measurement range: m/z = 10 to 400 
35 Temperature: 200''C 

[0107] The pyrogram of pyrolysis GC thus obtained was divided into regions of retention time less than 2 minutes 
and retention time of 2 minutes or greater and their peak areas Sa (less than 2 minutes) and Sb (2 minutes and greater) 
were calculated. Using the heating loss ratio X detemriined in (b) of (2-4), the amount of the organic substance was 
40 calculated in accordance with the following equation. 

The amount of the organic substance (part by welght/100 parts by weight of the apatite type compound) = 
^5 X.Sb/(Sa + Sb) 

[0108] In addition, pyrolytically decomposed components were identified based on mass spectrum (MS). 
(2-5) Infrared absorption spectrum: 

50 

[0109] Infrared absorption spectrum of the apatite type compound obtained in (a) of (2-4) was measured. By using 
an apparatus "1640" manufactured by Perkin Elmer, measurement was conducted at a resolving power of 4 cm"''. 

(2-6) Confirmation of the fomnation of the apatite type compound according to X-ray diffraction: 

55 

[0110] X-ray diffraction of the apatite type compound obtained in (a) of (2-4) was measured under the following 
conditions. 
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X ray: copper Ka 
Wave number: 1 .542 A 
Voltage of tube: 40 KV 
Current of tube: 200 mA 
5 Scanning rate: 4 deg./min 

Divergence slit: 1 deg. 
Scattering slit: 1 deg. 
Light-intercepting slit: 0.15 mm 

10 (2-7) Measurement of melting point f C) and melting calorie (AH) (J/g): 

[0111] The measurement was conducted in accordance with JIS K7121 and K7122. Detemiination was conducted 
by using "DSC-7" manufactured by Perkin-Elmer. The measuring conditions were as follows. Under a nitrogen atmos- 
phere, about 8 mg of a sample was maintained at SOO'^C for 2 minutes, cooled to 40^C at a rate of 20°C/minute, 
15 maintained at 40**C for 2 minutes, and heated at a rate of 20**C/minute. Melting point was determined from the peak 
temperature of an exothermic peak (melting peak) appearing during the final heating step. In addition, melting calorie 
was determined from the peak area. 

3. Moldability 

20 

(3-1) Molding flowability: 

[0112] Spiral flow distance (SFD) having a depth of 6 mm and a thickness of 1.5 mm was measured under the 
following conditions. 

25 

Injection molding machine: "IS-150E" manufactured by Toshiba Machine Co., Ltd. 
Rotation number of screw: 150 rpm 
Cylinder temperature: 280°C 
Injection pressure: 75 MPa 

30 

(3-2) Releasing ability: 

[0113] As shown in Figure 1, using a mold fitted with a releasing power-measuring apparatus wherein a load cell 
was placed onto the ejector pin for a molded product, molding was conducted under the following molding conditions. 
35 Then, 50 shots of measurement of releasing power were conducted and the average value was calculated. 

Injection molding machine: "FN1000" manufactured by Nissei JusI K.K. 
Mold: Cup-shape molded product 
Cylinder temperature: 280°C 
40 Mold temperature: 100**C at high-temperature evaluation, and 30**C at low-temperature evaluation 

Injection pressure: 40 MPa 
Injection time: 7 seconds 
Cooling time: 20 seconds 

45 (3-3) Plasticlzing ability: 

[0114] Molding was conducted under the conditions similar to those in the above releasing ability evaluation with the 
exception of the condition described below. Then, the time required for moving the screw back was measured and an 
average value of the plasticlzing time at 50 shots was determined. 

so 

Mold temperature: 100°C 
(3-4) Length of burr 

55 [0115] The burr formed from a gap of 20 p.m provided at the end of a strip-shape molded product of 127 x 1 2.7 x 3.2 
mm by injection molding machine ("PS40E" manufactured by Nissei Jushi K.K.) was measured using a microscope. 
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4. Preparation of molded product and physical properties thereof 

[0116] A molded product was prepared using an injection molding machine. The molded product was obtained using 
an apparatus "PS40E" manufactured by Nissei Jushi K.K., set at a cylinder temperature of 280**C and a moid temper- 
5 ature of 80**C under injection conditions of injection for 1 7 seconds and cooling for 20 seconds. 

(4-1) Flexural modulus and flexural strength (MPa): 

[0117] They were measured in accordance with ASTIVI D790. 

TO 

(4-2) Tensile strength (MPa) and tensile elongation (%): 
[0118] They were measured in accordance with ASTM D638. 
15 (4-3) Notched Izod Impact strength (J/m): 

[0119] It was measured in accordance with ASTM D256. 
(4-4) Deflection temperature under load ("C): 

20 

[0120] It was measured in accordance with ASTM D648 under a load of 18.6 MPa. 
(4-5) Surface appearance: 

25 [0121] Gs 60*»C was measured in accordance with JIS K71 50 using a handy gloss meter "IG320" manufactured by 
Horiba. 

(4-6) Weld strength: 

30 [0122] A molded product having a weld part was prepared using a mold shown in Figure 2 and the strength was 
measured in accordance with ASTM D-638. 

(4-7) Hot water-resistance: 

35 [0123] Hot-water resistance was evaluated by measuring tensile strength in accordance with ASTM D638 after dip- 
ping of a test piece in water heated to 140**C for 200 hours. 

(4-8) Compressive creep (mm): 

40 [0124] It was measured in accordance with ASTM as a distortion amount of an injection molded product, which had 
a thickness of 3 mm and a side of 10 mm, after the product was maintained under conditions of 120®C and 49 MPa 
for 100 hours. 

(4-9) Reworkability: 

45 

[0125] A molded product (initial molded product) was crushed by a crasher, and molding was conducted using the 
resulting crushed product. The operation was repeated further four times, and tensile strength of the molded product 
(reworked product) finally obtained was measured. 

50 (4-10) Heat-resistant aging property: 

[0126] A molded product for measuring tensile strength was maintained in a gear oven of 1 80°C. The molded product 
was taken out at a predetermined time and tensile strength was determined. Heat-resistant aging property was eval- 
uated by determining the time when tensile strength' is one-half of the initial (without aging) tensile strength (half value 
55 time). 
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(4-11) Discoloration by reworking 

[0127] Color tone of the molded product was measured using the Initial molded product and reworked product of 
(4-9). Color difference between the Initial molded product and reworked product (Ab: change of b value) was determined 
5 using a color-difference meter "ND-300A" manufactured by Nippon Denshoku. Smaller color difference (Ab) is judged 
to be good yellowing resistance. 

(4-12) Water absorption (% by weight): 

10 [0128] It was measured in accordance with ASTM 0570 as a weight change after maintained in water of 23'*C for 
24 hours. 

(4-13) Molding shrinkage (%): 

15 [0129] The size of a flat plate obtained by Injection molding using a mold having a thickness of 3 mm and a side of 
130 mm was measured and a shrinkage factor was detemnined. 

(4-14) Warpage (mm): 

20 [01 30] A flat plate obtained by injection molding using a mold having a thickness of 3 mm and a side of 1 30 mm was 
placed on a horizontal plane and the maximum gap distance from the horizontal plane was measured. 

(4-15) Coating adhesiveness: 

25 [0131] As a coating for coating appearance and coated film thickness. "Hiepico N0IOO" (trademark: manufactured 
by Nippon OH & Fats Co., Ltd., middle coat) was coated by electrostatic coating, and the coated sampie was left for 
10 minutes. Then, it was baked in a hot-air oven of 140*'Cfor30 minutes, then, taken out and left at room temperature 
for 30 minutes. Thereafter, "Neoamirac" (trademark: manufactured by Kansai Paint Co., Ltd., overcoat) was coated by 
electrostatic coating, and the coated sample was left for 10 minutes. Then, It was baked at 140°C tor 30 minutes, then, 

30 taken out and left at room temperature for 24 hours. The resulting test piece was used for the following evaluation. 

Initial adhesiveness: 

[01 32] Tape detachment was conducted so as to meet the cross cut test (1 00 pieces at 1 mm intervals) In accordance 
35 with JIS K5400, and the number of remaining coated films of the 100 pieces was counted. 

Secondary adhesiveness: 

[0133] A test piece was dipped in a warm water of 40''C for 10 days and then, a similar test to the above initial 
40 adhesiveness test was conducted. 

(3) Coating appearance: 

[0134] Appearance of the coated surface was evaluated visually. 

45 

Production Example 1 

[0135] An aqueous solution of a 50% by weight polyamide-forming component (an equimolar salt of hexamethylen- 
ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 

50 acid as a terminating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04-2H20) having an average particle size of 3.5 }xm (maximum particle size of 20 jxm, average particle size of 
primary particles of 0.15 p,m) and a specific surface area of 7.2 m2/g (calcium monohydrogen phosphate dihydrate : 
pure water = 1 .5 kg : 4.5 kg) and 2.32 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOg) having 
an average particle size of 1 .5 p.m (calcium carbonate : pure water = 0.58 kg : 1 .74 kg) as an apatite type compound- 

55 forming component. The molar ratio of calcium to phosphorus was calculated as 1 .67. The mixture of the aqueous 
solution of the polyamide-forming component and the suspension of the apatite type compound-fomning component 
was partially sampled and it was air-dried to form Sample (a). 

[0136] (Step 1 ) The mixture of the aqueous solution of the polyamide-forming component and the suspension of the 
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apatite type compound-forming component (3.0 kg) was fed into two 5-liter autoclaves having a stirring apparatus. The 
atmosphere in both autoclaves were thoroughly replaced by nitrogen under a temperature of 50**C, and then the auto- 
claves were heated from 50**C to about 150 under stirring while removing water into out of the system to prevent the 
pressure in the autoclaves from exceeding about 0.2 MPa, thereby about 0.7 kg of water being removed. One of two 

5 autoclaves was rapidly cooled and the content was taken out as Sample (b). 

[0137] (Step 2) Then, the remaining one autoclave was heated to about 270^*0 following to (Step 1). At that time, 
the heating was continued for about 1 hour while removing water into out of the system to prevent the pressure in the 
autoclaves from exceeding about 1.77 MPa. Thereafter the pressure was lowered to atmospheric pressure over a 
period of about 1 hour, and the autoclave was rapidly cooled and the content was taken out as Sample (c). 

10 [0138] Upon the measurement of wide-angle X-ray diffraction of Samples (a), (b), and (c), diffraction peaks of crys- 
talline apatite type compound were observed but diffraction peak strength of the apatite-forming component (calcium 
monohydrogen phosphate dihydrate, calcium carbonate) was less than the detection limit and was not observed on 
Samples (b) and (c). On the other hand, on Sample (a), diffraction peaks showing the existence of amorphous apatite 
type compound was slightly observed but most diffraction peaks showed the existence of the remaining apatite type- 

15 fonning component. 

Example 1 

[0139] An aqueous solution of a 50% by weight poiyamide-forming component (an equimolar salt of hexamethylen- 

20 ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
acid as a terminating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04-2H20) having an average particle size of 3.5 |xm (maximum particle size of 20 |j.m, average particle size of 
primary particles of 0.15 \xm) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate : 
pure water = 1 .5 kg : 4.5 kg) and 2.32 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOa) having 

25 an average particle size of 1 .5 ^m (calcium carbonate : pure water = 0.58 kg : 1 .74 kg) as an apatite type compound- 
forming component. The mixture of the aqueous solution of the poiyamide-forming component and the suspension of 
the apatite type compound-forming component was fed into a 70-liter autoclave having a stirring apparatus. The at- 
mosphere in the autoclave was thoroughly replaced by nitrogen under a temperature of 50^0, and then the autoclave 
was heated from 50®C to about 1 50^0 under stirring while removing water into out of the system to prevent the pressure 

30 in the autoclaves from exceeding about 0.2 MPa, thereby about 7 kg of water being removed. Then, the autoclave was 
continuously heated to about 270°C. At that time, the heating was continued for about 1 hour while removing water 
into out of the system to prevent the pressure in the autoclaves from exceeding about 1 .77 MPa. Thereafter, the pres- 
sure was lowered to atmospheric pressure over a period of about 1 hour, and then 45 g of calcium stearate as a 
moldability improver melted by heating was added under pressure form the upper part of the autoclave, followed by 

35 about 15 minutes of thorough stirring. Then, the stirring was stopped and the polymer was discharged from a lower 
part nozzle in the form of a strand, which was cooled and cut to obtain a polyamide resin composition. Foaming was 
hardly observed on the strand at the discharge. Using a polyamide resin composition similarly produced, molding was 
conducted continuously for 4 hours and the mold surface was observed but dirty substance was hardly observed. The 
evaluation results are shown in Table 1 . 

40 

Comparative Example 1 

[0140] An aqueous solution of a 50% by weight polyamide-fonning component (an equimolar salt of hexamethylen- 

ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
45 acid as a tenninating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04-2H20) having an average particle size of 3.5 fim (maximum particle size of 20 |j.m, average particle size of 
primary panicles of 0.15 ^m) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate ; 
pure water = 1 .5 kg : 4.5 kg) and 2.32 kg of a 25% by weight suspension of heavy calcium carbonate (CaG03) having 
an average particle size of 1 .5 p,m (calcium carbonate : pure water = 0.58 kg : 1 .74 kg) as an apatite type compound- 
50 forming component. Furthermore, 45 g of calcium stearate was added thereto as a moldability improver. The mixture 
of the aqueous solution of the polyamide-fomriing component, the suspension of the apatite type compound-forming 
component, and the moldability improver was fed into a 70-liter autoclave having a stirring apparatus. The atmosphere 
in the autoclave was thoroughly replaced by nitrogen under a temperature of 50'*C, and then the autoclave was heated 
from 50*C to about 150^0 under stirring while removing water Into out of the system to prevent the pressure in the 
55 autoclaves from exceeding about 0.2 MPa, thereby about 7 kg of water containing a large quantity of white powder 
being removed. Then, the autoclave was continuously heated to about 270**C. At that time, the heating was continued 
for about 1 hour while removing water into out of the system to prevent the pressure in the autoclaves from exceeding 
about 1 .77 MPa. Thereafter, the pressure was lowered to atmospheric pressure over a period of about 1 hour, and 
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then the stirring was stopped and the polymer was discharged from a lower part nozzle in the form of a strand, which 
was cooled and cut. The strand at the discharge foamed very much and was extremely unstable. Using a polyamide 
resin composition similarly produced, molding was conducted continuously for 4 hours and the mold surface was ob- 
served, but attachment of a large quantity of white power was observed. The evaluation results are shown in Table 1 . 

5 

Example 2 

[0141] Operations were conducted in a similar manner to Example 1 with the exception that aluminum distearate 
was employed instead of calcium stearate. The evaluation results are shown in Table 2. 

10 

Example 3 

[0142] Operations were conducted in a similar manner to Example 1 with the exception that aluminum tristearate 
was employed instead of calcium stearate. The evaluation results are shown in Table 2. 

15 

Example 4 

[0143] Operations were conducted in a similar manner to Example 1 with the exception that calcium montanate was 
employed instead of calcium stearate. The evaluation results are shown in Table 2. 

20 

Example 5 

[0144] Operations were conducted in a similar manner to Example 1 with the exception that sodium montanate was 
employed instead of calcium stearate. The evaluation results are shown in Table 2. 

25 

Example 6 

[0145] Operations were conducted In a similar manner to Example 1 with the exception that zinc stearate was em- 
ployed instead of calcium stearate. The evaluation results are shown in Table 2. 

30 

Example 7 

[0146] Operations were conducted In a similar manner to Example 1 with the exception that 45 got a lubricant mixture 
of calcium stearate, stearyl stearate (an ester compound of stearic acid with stearyl alcohol), and erucic amide was 
35 employed instead of 45 g of calcium stearate. The evaluation results are shown in Table 3. 

Example 8 

[0147] A polyamide resin composition was obtained by blending 0.05 part by weight of a blend oil (polyethylene 
40 glycol: "PEG400" manufactured by Nippon OH & Fats Co., Ltd.) and 0.15 part by weight of calcium montanate to 100 
parts by weight of pellets of the polyamide resin composition of Example 7 using a cone<type tumbler The evaluation 
results are shown in Table 3. 

Example 9 

45 

[0148] A polyamide resin composition was obtained by blending 0.05 part by weight of a blend oil (polyethylene 
glycol: "PEG400" manufactured by Nippon Oil & Fats Co., Ltd.), 0.15 part by weight of calcium montanate, and 2.5 
part by weight of a masterbatch (a masterbatch based on Ny6 containing 1 0% by weight of ethylene bisstearylamide) 
to 1 00 parts by weight of pellets of the polyamide resin composition of Example 7 using a cone-type tumbler. The 
so evaluation results are shown in Table 3. 

Production Example 2 

[0149] An aqueous solution of a 50% by weight polyamide-forming component (an equimolar salt of hexamethylen- 
55 ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
acid as a terminating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04-2H20) having an average particle size of 3.5 pm (maximum particle size of 20 ixm, average particle size of 
primary particles of 0.15 \xm) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate : 
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pure water = 1 .5 kg : 4.5 kg) and 2.32 kg of a 25% by weight suspension of heavy cabium carbonate (CaCOa) having 
an average particle size of 1 .5 pin (calcium carbonate : pure water = 0.58 kg : 1 .74 kg) as an apatite type compound- 
forming component. The mixture of the aqueous solution of the polyamide-forming component and the suspension of 
the apatite type compound-forming component was fed into a 70-liter autoclave having a stinging apparatus. The at- 
5 mosphere in the autoclave was thoroughly replaced by nitrogen under a temperature of SCC, and then the autoclave 
was heated from 50°C to about 1 50**C under stirring while removing water into out of the system to prevent the pressure 
in the autoclaves from exceeding about 0.2 MPa, thereby about 7 kg of water being removed. Then, the autoclave was 
heated continuously to about 270**C. At that time, the heating was continued for about 1 hour while removing water 
into out of the system to prevent the pressure in the autoclaves from exceeding about 1 .77 MPa. Thereafter, the pres- 
to sure was lowered to atmospheric pressure over a period of about 1 hour, and then the stirring was stopped and the 
polymer was discharged from a lower part nozzle in the form of a strand, which was cooled and cut to obtain pellets 
of a polyamide composite. Foaming was hardly observed on the strand at the discharge. As a result of evaluating the 
resulting polyamide composite, the weight-average molecular weight (Mw) was found to be 40000, and the content of 
the apatite type compound was found to be 10.4 parts by weight relative to 100 parts by weight of the polyamide. A 
15 molar ratio of calcium to phosphorus was calculated to be 1 .66. Observation under a transmission electron microscope 
(TEM) at a magnitude of 50,000 showed that the apatite type compound had an average particle size of 85 nm. As a 
result of evaluating the apatite type compound obtained by eluting and separating operations with using a 90% aqueous 
phenol solution, the formation of crystalline apatite type compound can be confirmed by' wide-angle X-ray diffraction. 
Moreover, the amount of the organic substance of the apatite type compound obtained by the eluling and separating 
20 operations was calculated to be 5.5 (parts by weight/1 00 parts by weight of the apatite). In addition, from the analysis 
results of pyrolysis GC/mass spectrum, cyclopentanone was confirmed as one pyrolytically decomposed component 
of the organic substance remaining in the apatite type compound. 

[0150] Furthermore, from the observation of infrared absorption spectrum, a peak indicating the existence of the 
organic substance was confirmed at about 1548 cm""'. 

25 

Production Example 3 

[0151] Operations were conducted in a similar manner to Production Example 2 with the exception that 12 kg of an 
equimolar salt of hexamethylenediamine-adipic acid and 3 kg of an equtmolar salt of hexamethylenediamine • isoph- 
30 thalic acid as the polyamide-forming component. 

Production Example 4 

[0152] Operations were conducted in a similar manner to Production Example 2 with the exception that 10.5 kg of 
35 an equimolar salt of hexamethylenediamine • adipic acid and 4.5 kg of an equimolar salt of hexamethylenediamine • 
isophthalic acid as the polyamide-fonning component. 

Production Example 5 

40 [0153] Operations were conducted in a similar manner to Production Example 2 with the exception that 2.0 kg of e- 
caprolactam as the polyamide-forming component. 

Production Example 6 

45 [0154] Operations were conducted in a similar manner to Production Example 2 with the exception that 12 kg of an 
equimolar salt of hexamethylenediamine-adipic acid, 2.25 kg of an equimolar salt of hexamethylenedlamine-lsophthalic 
acid, and 0.75 kg of s-caprolactam as the polyamide-fonning component. 

Production Example 7 

50 

[01 55] An aqueous solution of a 50% by weight polyamide-forming component (an equimolar salt of hexamethylen- 
ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
acid as a terminating agent, 3 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04.2H20) having an average particle size of 3.5 }xm (maximum particle size of 20 p.m, average particle size of 
55 primary particles of 0.15 jxm) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate : 
pure water = 0.75 kg : 2.25 kg), 0.88 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOs) having 
an average particle size of 1 .5 pm (calcium carbonate : pure water = 0.22 kg : 0.66 kg), and 0.22 kg of a 25% by weight 
of calcium fluoride (CaFg) having an average particle size of 10 jim (calcium fluoride : pure water = 0.055 kg : 0.1 65 



21 



BNSDOCID: <EP n79568Al_l_> 



EP 1 179 568 A1 



kg) as an apatite type compound-forming component. Thereafter, operations were conducted in a similar manner to 
Production Example 2. 

Production Example 8 

5 

[0156] Twenty-four kg of a 25% by weight suspension of calcium monohydrogen phosphate dihydrate (CaHP04 • 
2H2O) having an average particle size of 3.5 |im (maximum particle size of 18 pm, average particle size of primary 
particles of 0.08 and a specific surface area of 25.2 m^/g (calcium monohydrogen phosphate dihydrate : pure 
water = 6 kg : 18.0 kg) and 9.28 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOs) having an 

10 average particle size of 1 .5 pjn (calcium carbonate : pure water = 2.32 kg : 6.96 kg) were employed as an apatite type 
compound-forming component. The mixture of the aqueous solution of the polyamide-fonning component and the 
suspension of the apatite type compound-forming component was fed into a 70-liter autoclave having a stirring appa- 
ratus. The atmosphere In the autoclave was thoroughly replaced by nitrogen under a temperature of 50**C, and then 
the autoclave In a tightly sealed state was heated to about 250**C and the pressure was raised to about 4.0 MPa. The 

15 autoclave was maintained for 5 hours under the conditions. After cooling, the content was taken out and centrifugal 
separation and washing with pure water were repeated. Thereafter, it was dried in a nitrogen stream of BO'^C for 24 
hours to obtain a white powder. The white powder was confirmed to be crystalline apatite type compound by wide- 
angle X-ray diffraction of the powder. Observation under a transmission electron microscope (TEM) at a magnitude of 
50,000 showed that the apatite type compound was in the form of spherical particle having an average particle size of 

20 100 nm. 

[0157] To 100 parts by weight of nylon 66 ("1300" manufactured by Asahi Chemical Co., Ltd.) was added 10 parts 
by weight of the apatite type compound, and the mixture was melt-kneaded by means of an extruder ("TEM35" man- 
ufactured by Toshiba Machine Co., Ltd.) under a condition of 280*'C to obtain pellets of a polyamide composite. 

25 Production Example 9 

[0158] An apatite type compound having an average particle size of 1 .0 jim (maximum particle size of 5.5 ftm) and 
a specific surface area of 0.5 m^/g was obtained by crashing a commercial hydroxyapatite having an average particle 
size of 60 \im manufactured by Talhei Kagaku Sangyo K.K. using a ball mill. To 1 00 parts by weight of nylon 66 ("1 300" 
30 manufactured by Asahi Chemical Co., Ltd.) was added 10 parts by weight of the apatite type compound, and the 
mixture was melt-kneaded by means of an extruder (■TEM35" manufactured by Toshiba Machine Co., Ltd.) under a 
condition of 280®C to obtain pellets of a polyamide composite. 

Production Example 10 

35 

[01 59] Operations were conducted in a similar manner to Production Example 2 with only using 30 kg of an aqueous 
solution of a 50% by weight polyamide-formlng component (an equlmolar salt of hexamethylenedlamine • adipic acid) 
mixed with 1 .3 g of acetic acid as a temnlnating agent without using any apatite-fomrjing component. 

40 Example 10 

[0160] A polyamide resin composition was obtained by blending 0.05 part by weight of a blend oil ("Value 7220" 
manufactured by Marubishi Oil Chemical Co., Ltd.) and 0.30 part by weight of calcium montanate to 100 parts by weight 
of the polyamide resin composite of Production Example 2 using a cone-type tumbler, the former two components 
4s being attached to the surface of the latter. The evaluation results are shown in Table 4. 

Example 11 

[01 61 ] Operations were conducted in a similar mannerto Example 1 0 with the exception thatthe polyamide composite 
so of Production Example 3 was employed instead of the polyamide composite of Production Example 2. The evaluation 
results are shown in Table 4. 

Example 12 

55 [01 62] Operations were conducted in a similar mannerto Example 1 0 with the exception thatthe polyamide composite 
of Production Example 4 was employed Instead of the polyamide composite of Production Example 2. The evaluation 
results are shown in Table 4. 
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Example 13 

[01 63] Operations were conducted in a sinnilar manner to Example 1 0 with the exception thatthe polyamide connposite 
of Production Example 5 was employed instead of the polyamide composite of Production Example 2. The evaluation 
5 results are shown In Table 4. 

Example 14 

[0164] Operationswereconductedinasimilarmannerto Example 10 with theexception thatthe polyamidecomposite 
10 of Production Example 6 was employed instead of the polyamide composite of Production Example 2. The evaluation 
results are shown In Table 4. 

Example 15 

15 [01 65] Operations were conducted In a similar manner to Example 1 0 with the exception that the polyamidecomposite 
of Production Example 7 was employed instead of the polyamide composite of Production Example 2. The evaluation 
results are shown in Table 5. 

Example 1 6 

20 

[01 66] Operations were conducted in a similar mannerto Example 1 0 with the exception thatthe polyamide composite 
of Production Example B was employed instead of the polyamide composite of Production Example 2, The evaluation 
results are shown in Table 5. 

25 Example 17 

[01 67] Operations were conducted in a similar mannerto Example 1 0 with the exception thatthe polyamide-composite 
of Production Example 9 was employed instead of the polyamide composite of Production Example 2. The evaluation 
results are shown in Table 5. 

30 

Comparative Example 2 

[0168] Operations were conducted in a similar mannerto Exanriple 10 with the exception that the polyamide of Pro- 
duction Example 1 0 was employed instead of the polyamide composite of Production Example 2. The evaluation results 
35 are shown in Table 5. 

Comparative Example 3 

[0169] Operations were conducted only using the polyamide composite of Production Example 2. The evaluation 
40 results are shown in Table 5. 

Example 1 8 

[0170] Operations were conducted in a similar manner to Example 1 with the exception that a mixture of 3.7 g of 
45 cuprous iodide (Cul) and 61 .6 g of potassium iodide (Kl) was employed as a heat-resistance improver instead of 45 g 
of calcium stearate. Foaming was hardly observed on the strand at the discharge. The evaluation results are shown 
in Table 6. 

Example 1 9 

50 

[0171] An aqueous solution of a 50% by weight polyamide-forming component (an equimolar salt of hexamethylen- 
ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
acid as a terminating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04.2H20) having an average particle size of 3.5 p.m (maximum particle size of 20 jim, average particle size of 
55 primary particles of 0.15 jim) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate : 
pure water = 1 .5 kg : 4.5 kg), 1 .76 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOa) having an 
average particle size of 1 .5 ^m (calcium carbonate : pure water = 0.44 kg : 1 .32 kg), and 0.44 kg of a 25% by weight 
of calcium fluoride (CaFg) having an average particle size of 1 0 M^m (calcium fluoride : pure water = 0.11 kg : 0.33 kg) 
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as an apatite type compound-forming component. The mixture of the aqueous solution of the polyamide-fomning com- 
ponent and the suspension of the apatite type compound-fomiing component was fed into a 70-liter autoclave having 
a stirring apparatus. The atmosphere In the autoclave was thoroughly replaced by nitrogen under a temperature of 
50*'C, and then the autoclave was heated from 50**C to about ISO^'C under stirring while removing water into out of 
s the system to prevent the pressure in the autoclaves from exceeding about 0.2 MPa, thereby about 7 kg of water being 
removed. Thereafter, a mixture of 2.4 g of copper acetate (Cu(CH3COO)2) and 64.9 g of potassium iodide (Kl) in a 
weight ratio as a heat- resistance improver was added under pressure form the upper part of the autoclave, followed 
by continuous heating to about 270®C. At that time, the heating was continued for about 1 hour while removing water 
into out of the system to prevent the pressure in the autoclaves from exceeding about 1 .77 MPa. Thereafter, the pres- 
to sure was lowered to atmospheric pressure over a period of about 1 hour, and then the stirring was stopped and the 
polymerwas discharged from a lower part nozzle in the form of a strand, which was cooled and cut to obtain a polyamide 
resin composition. Foaming was hardly observed on the strand at the discharge. The evaluation results are shown in 
Table 6. 

15 Example 20 

[01 72] Operations were conducted In a similar manner to Example 1 8 with the exception that 3.72 g of cuprous Iodide 
(Cul) and 35.7 g of potassium iodide (Kl) was employed. The evaluation results are shown in Table 6. 

20 Comparative Example 4 

[0173] Operations were conducted in a similar manner to Comparative Example 1 with the exception that a 50% by 
weight aqueous solution of a mixture of 3.7 g of cuprous iodide (Cul) and 61 .6 g of potassium iodide (Kl) was added 
as a heat-resistance improver instead of 46 g of calcium stearate. The strand at the discharge foamed very much and 
25 was extremely unstable. The evaluation results are shown in Table 6. 

Production Example 1 1 

[0174] A masterbatch of a heat-resistant improver was obtained by incorporating 0.05 part by weight of cuprous 
30 iodide (Cul) and 8.5 parts by weight of potassium iodide (Kl) to 1 00 parts by weight of nylon 66 ("1300" manufactured 
by Asahi Chemical Industry Co.. Ltd.), blending them using a cone-type tumbler, and melt-kneading them by means 
of an extruder CTEM36" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280*'C. 

Example 21 

35 

[0175] A polyamide resin composition was obtained by blending 0.05 part by weight of a blend oil (polyethylene 
glycol: "PEG400" manufactured by Nippon Oil & Fats Co., Ltd.), 0.15 part by weight of calcium montanate as a mold- 
'■ability improver, and 5 parts by weight of the masterbatch of heat-resistance improver of Production Example 11 to 
100 parts by weight of the polyamide composite of Production Example 2 using a cone-type tumbler. The evaluation 
40 results are shown in Table 7. 

Comparative Example 5 

[0176] Operations were conducted in a similar manner to Example 21 with the exception that the polyamide of Pro- 
45 duction Example 1 0 was employed instead of the polyamide composite of Production Example 2. The evaluation results 
are shown in Table 7. 

Production Example 12 

so Production of modified polyphenylene ether resin (1 ): 

[0177] One part by weight of di-tert-butyl peroxide and 3 parts by weight of maleic anhydride were dry-blended to 
100 parts of poly(2,6-dimethylphenylene-1 ,4-ether) (hereinafter, referred to as "PPE") having a number-average po- 
lymerization degree of 140 at room temperature and then, the blend was extruded at a cylinder temperature of 300**C 
55 and a residence time of 2 minutes using a twin-screw extruder ("PCIW45", Ikegai Tekko K.K., screw size of 45 mm, U 
D = 33, with a bent), cooled with water, and cut to obtain pelletized maleic anhydride-modified poly(2,6-dimethylphe- 
nylene-1 ,4-ether) (hereinafter, referred to as "modified polyphenylene ether resin (1 )"). From the results of measuring 
infrared absorption spectrum of the resulting modified polyphenylene ether resin (1), an absorption peak at around 



24 



BNSDCCID: <EP 1l79S68AlJ_> 



EP 1 179 568 A1 



1780 cm""' derived from a graft reaction with maleic anhydride was confirmed. The ratio of the absorbance at 1780 
cm'^ to that at 960 cm-^ (an absorption owing to PPE) was 0.14. 

Production Example 13 

5 

Production of modified rubber (1): 

[0178] With 100 parts by weight of an ethylene-(1 -butane) copolymer ('TAFMER A-4085" manufactured by Mitsui 
Chemical Co., Ltd., MFR = 3.6 g/10 minutes, density = 885 kg/km^) were homogeneously mixed 5.0 parts by weight 
10 of maleic anhydride and 1 ,25 parts by weight of a catalyst for radical polymerization ("Perhexa 25" manufactured by 
Nippon Oil & Fats Co., Ltd.). Then, the mixture was fed to a twin-screw extruder ("PCM45", Ikegai Tekko K.K., screw 
size of 45 mm, UD = 33, with a bent) and a graft reaction with maleic acid was conducted at a cylinder of 260*'C while 
removing unreacted maleic anhydride by sucking from the bent to obtain pellets of modified rubber (1). As a result of 
titration with sodium methylate, grafted maleic acid was found to be 2.0% by weight. 

15 

Production Example 14 
Production of modified rubber (2): 

20 [0179] With 100 parts by weight of a hydrogenated styrene-butadiene-styrene block copolymer ("Kraton G1652" 
manufactured by Shell Chemical Company, styrene content of 29%) were homogeneously mixed 4.0 parts by weight 
of maleic anhydride and 1 .0 parts by weight of a catalyst for radical polymerization ("Perhexa 25" manufactured by 
Nippon Oil & Fats Co., Ltd.). Then, the mixture was fed to a twin-screw extruder ("PCM45", Ikegai Tekko K.K., screw 
size of 45 mm, UO = 33, with a bent) and a graft reaction with maleic acid was conducted at a cylinder of 260*'C while 

25 removing unreacted maleic anhydride by sucking from the bent to obtain pellets of modified rubber (2). As a result of 
titration with sodium methylate, grafted maleic acid was found to be 2.0% by weight. 

Production Example 15 

30 [0180] An aqueous solution of a 50% by weight polyamide-fonning component (an equimolar salt of hexamethylen- 
ediamine and adipic acid) was prepared in an amount of 30 kg. To the aqueous solution were employed 1 .3 g of acetic 
acid as a terminating agent, 6 kg of 25% by weight suspension of calcium monohydrogen phosphate dihydrate 
(CaHP04'2H20) having an average particle size of 3.5 \im (maximum particle size of 20 fxm, average particle size of 
primary particles of 0.15 |im) and a specific surface area of 7.2 m^/g (calcium monohydrogen phosphate dihydrate : 

35 pure water = 1 .5 kg : 4.5 kg), 1 .76 kg of a 25% by weight suspension of heavy calcium carbonate (CaCOs) having an 
average particle size of 1 .5 jj.m (calcium carbonate ; pure water = 0.44 kg : 1 .32 kg), and 0.22 kg of a 25% by weight 
of calcium fluoride (CaF2) having an average particle size of 10 p.m (calcium fluoride : pure water = 0.055 kg : 0.165 
kg) as an apatite type compound-forming component. Thereafter, operations were conducted in a similar manner to 
Example 19. 

40 

Example 22 

[0181] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 2 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
45 weight of the polyamide composite) were mixed 80 parts by weight of the modified polyphenylene ether resin (1 ) and 
20 parts by weight of the modified rubber (1). The mixture was melt-kneaded by means of a twin-screw extruder 
("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280°C to obtain a resin composition. The 
evaluation results are shown in Table 8. 

so Example 23 

[0182] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 3 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
weight of the polyamide composite) were mixed 80 parts by weight of the modified polyphenylene ether resin (1 ) and 
55 20 parts by weight of the modified rubber (1). The mixture was melt-kneaded by means of a twin-screw extruder 
('TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280®C to obtain a resin composition. The 
evaluation results are shown in Table 8. 
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Example 24 

[0183] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 2 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
5 weight of the polyamide composite) were mixed 1 00 parts by weight of the modified polyphenylene ether resin (1 ) and 
20 parts by weight of the modified rubber (1). The mixture was melt-kneaded by means of a twin-screw extruder 
("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280*C to obtain a resin composition. The 
evaluation results are shown in Table 8. 

'0 Comparative Example 6 

[0184] With 1 00 parts by weight of the polyamide obtained In Production Example 1 0 were mixed 80 parts by weight 
of the modified polyphenylene ether resin (1 ) and 20 parts by weight of the modified rubber (1 ). The mixture was melt- 
kneaded by means of a twin-screw extruder ("TEMSS" manufactured by Toshiba Machine Co., Ltd.) under a condition 
15 of 280''C to obtain a resin composition. The evaluation results are shown in Table 8. 

Example 25 

[0185] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 2 (100 parts 
20 by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
weight of the polyamide composite) were mixed 80 parts by weight of the modified polyphenylene ether resin (1), 10 
parts by weight of the modified rubber (1), and 10 parts by weight of the modified rubber (2). The mixture was melt- 
kneaded by means of a twin-screw extruder ("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition 
of 280°C to obtain a resin composition. The evaluation results are shown in Table 9. 

25 

Example 26 

[0186] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 15 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
30 weight of the polyamide composite) were mixed 80 parts by weight of the modified polyphenylene ether resin (1), 10 
parts by weight of the modified rubber (1), and 10 parts by weight of the impact resistance improver (2). The mixture 
was melt-kneaded by means of a twin-screw extruder ("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a 
condition of 280®C to obtain a resin composition. The evaluation results are shown in Table 9. 

55 Example 27 

[0187] With 100 parts by weight of the polyamide in the polyamide composite of Production Example 2 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
weight of the polyamide composite) were mixed 80 parts by weight of the modified polyphenylene ether resin (1), 10 

40 parts by weight of an ethylene-propylene copolymer (TAFMER P-01 80" manufactured by Mitsui Chemical Co., Ltd., 
MFR = 4.5 g/10 minutes, density = 870 kg/m^) and 10 parts by weight of a hydrogenated styrene-butadiene-styrene 
block copolymer ("Kraton G1 652" manufactured by Shell Chemical Company, styrene content of 29%) as rubber com- 
ponents, and 1 part by weight of maleic anhydride, and 5 parts by weight of a conductive carbon black ("Ketjenblack 
EC600DJ" manufactured by Lion YushI K.K.). The mixture was melt-kneaded by means of a twin-screw extruder 

45 ('TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280*'C to obtain a resin composition. The 
evaluation results are shown in Table 10. 

Example 28 

so [0188] With 1 00 parts by weight of the polyamide in the polyamide composite of Production Example 15 (100 parts 
by weight was based on the weight resulted from the subtraction of the content of the apatite type compound from the 
weight of the polyamide composite) were mixed 80 parts by weight of po!y(2,6-dimethylphenylene-1 ,4-ether) having a 
polymerization degree of 140, 1 0 parts by weight of an ethylene-(1 -butene) copolymer ('TAFMER A-20085" manufac- 
tured by Mitsui Chemical Co., Ltd., MFR = 18 g/10 minutes, density = 885 kg/m^) and 10 parts by weight of a hydro- 
ps genated styrene-butadiene-styrene block copolymer ("Kraton G1 652" manufactured by Shell Chemical Company, sty- 
rene content of 29%) as rubber components, and 1 part by weight of maleic anhydride, and 5 parts by weight of a 
conductive carbon black ("Ketjenblack EC600DJ" manufactured by Lion Yushi K.K.). The mixture was melt-kneaded 
by means of a twin-screw extmder ("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280'*C 
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to obtain a resin connposition. The evaluation results are shown In Table 10. 
Comparative Example 7 

5 [0189] With 100 parts by weight of the polyamide of production Example 1 0 were mixed 80 parts by weight of poly 
(2,6-dimethyiphenylene-1 ,4-ether) having a polymerization degree of 1 40, 1 0 parts by weight of an ethylene-{1 -butene) 
copolymer ("TAFMER A-20085" manufactured by Mitsui Chemical Co., Ltd., MFR =18 g/10 minutes, density = 885 
kg/m^) and 10 parts by weight of a hydrogenated styrene-butadiene-styrene block copolymer ("Kraton G1 652" manu- 
factured by Shell Chemical Company, styrene content of 29%) as rubber components, and 1 part by weight of maleic 

10 anhydride, and 5 parts by weight of a conductive carbon black ("Ketjenblack EC600DJ" manufactured by Lion YushI 
K.K.). The mixture was melt-kneaded by means of a twin-screw extruder (*TEM35" manufactured by Toshiba Machine 
Co., Ltd.) under a condition of 280**C to obtain a resin composition. The evaluation results are shown In Table 11. 

Comparative Example 8 

15 

[0190] With 100 parts by weight of the polyamide of Production Example 10 were mixed 3 parts by weight of calcium 
monohydrogen phosphate dihydrate (CaHP04 - 2H2O) having an average particle size of 3.5 |xm (maximum particle 
size of 20 ^m. average particle size of primary particles of 0.15 jim, a specific surface area of 7.2 m^/g) and heavy 
calcium carbonate (CaCOs) having an average particle size of 1.5 pm; 80 parts by weight of poly(2,6-dimethylphe- 

20 nylene-1,4-ether) having a polymerization degree of 140; 10 parts by weight of an ethylene-(1 -butene) copolymer 
("TAFMER A-20085" manufactured by Mitsui Chemical Co., Ltd., MFR = 18 g/10 minutes, density = 885 kg/m^) and 
10 parts by weight of a hydrogenated styrene-butadiene-styrene block copolymer ("Kraton G1652" manufactured by 
Shell Chemical Company, styrene content of 29%) as rubber components; 1 part by weight of maleic anhydride; and 
5 parts by weight of a conductive carbon black ("Ketjenblack EC600DJ" manufactured by Lion Yushi K.K.). The mixture 

25 was melt-kneaded by means of a twin-screw extruder ("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a 
condition of 280*'C to obtain a resin composition. The evaluation results are shown In Table 11. 

Example 29 

30 [0191] With the polyamide composite of Production Example 15 were mixed 25 parts by weight of an amorphous 

polyamide (1) ('T40'* manufactured by Bayer) per 100 parts by weight of the polyamide composite and 33 parts by 
weight of a glass fiber ("FT756" manufactured by Asahi Fiber Glass Co., Ltd.) per 100 parts by weight of the sum of 
the polyamide composite of Production Example 1 5 and the amorphous polyamide (1 ). The mixture was melt-kneaded 
by means of a twin-screw extruder ("TEM35" manufactured by Toshiba Machine Co., Ltd.) under a condition of 280'*C 
35 to obtain a reinforced polyamide resin composition. The evaluation results are shown in Table 12. 

Example 30 

[0192] Operations were conducted In a similar manner to Example 29 with the exception that an amorphous polya- 
40 mide (2) ("Glybolie XE-3080" manufactured by Emus) was employed Instead of the amorphous polyamide (1). The 
evaluation results are shown in Table 11 . 



Table 1 



45 




Unit 


Example 1 


Comparative Example 1 


1. Characteristics of forming components 




1) Content of polyamide- 
forming component 


part by weight 


100 


100 


so 


2) Content of apatite type 

compound-forming 

component 


part by weight 


13.9 


13.9 


55 


3) Molar ratio of metal 
element of apatite-forming 
component to phosphorus 




1.70 


1.70 
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Table 1 (continued) 







Unit 


Example 1 


Comparative Example 1 




2. Characteristics of poiyamide composite 


5 


1) Kind of poiyamide 




Ny66 


Ny66 




2) Content of poiyamide 


part by weight 


100 


100 


10 


3) Weight-average molecular 
weight (Mw) 




40000 


30000 


4) Content of apatite type 
compound 


part by weight 


10.4 


10.4 


15 


5) Molar ratio of metal 
element to phosphorus 




1.70 


1.70 


6) Particle size of apatite type 
compound 


nm 


85 


750 (many agglomerated 
particles) 


20 


7) Amount of organic 
substance contained In 
apatite type compound (per 
1 00 parts by weight of the 
compound) 


part by weight 


5.5 


3.5 




3. Moidabillty Improver 


25 


1) kind 




Ca stearate 


Ca stearate 




2) Amount added (per 100 
parts by weight of polyamlde- 
formlng component) 


part by weight 


0.3 


0.3 


30 


3) Method for addition 




added at polymerization (afate 
fomiation of apatite type 
compound) 


added at polymerization (afate 
fomnation of apatite type 
compound) 




4. Moldability of poiyamide resin composition 


35 


1) SFD 


cm 


12.5 


14.9 


40 


2) Releasing ability (releasing 
power) 

mold at 80*»C 

mold at 30*»C 


N 
N 


100 
200 


250 
>400 




3) Plasticizing ability 


sec 


14 


15 




4) Length of burr 


fxm 


260 


500 




5. Physical properties of poiyamide resin composition 


45 


1) Flexural modulus 


MPa 


4.40 


3.65 




2) Flexural strength 


MPa 


147 


125 




3) Tensile strength 


MPa 


98 


75 


50 


4) Tensile elongation 


% 


12.5 


7 




5) Notched Izod impact 
strength (23*C) 


J/m 


44 


30 


55 


6) Deflection temperature 
underload (load: 1.83MPa) 


'C 


130 


115 




7) Surface appearance 




85 


55 
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Table 1 (continued) 





Unit 


Example 1 


Comparative Example 1 


5. Physical properties of polyamide resin composition 


B) Compressive creep 
(strain) 


Mm 


0.7 


1 


9) Weld strength 


MPa 


94 


70 


10) Hot-water resistance 
(tensile strength retention 
after hot water treatment 
140°Cx 200hr) 


MPa 


48 


35 


11) Reworkabiltty (tensile 
strength after 5 pass' by 
extruder) 


MPa 


93 


70 



Table 2 



40 





Unit 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


3. Moldability improver 


1) Kind 




Al di-stearate 


Al tri-stearate 


Ca 
montanate 


Na 
montanate 


2n stearate 


2) Amount 
added (per 
100 parts by 
weight of 
polyamide- 
forming 
component) 


part by weight 


0.3 


0.3 


0.3 


0.3 


-0,3 


3) Method of 
addition 




after 
formation of 
apatite type 
compound 


after 
fonnation of 
apatite type 
compound 


after 
fonnation of 
apatite type 
compound 


after 
formation of 
apatite type 
compound 


afterformation 
of apatite type 
compound 


4. Moldability of polyamide resin composition 


1) SFD 


cm 


12.2 


13.0 


13.0 


13.0 


13.0 


2) Releasing 
ability 
(releasing 
power) 

mold at 

80°C 

mold at 

30*'C 


N 

N 


100 

200 


100 

200 


100 

200 


100 
180 


100 
200 


3) 

Plasticizing 
ability 


sec 


14 


14 


14 


14 


14 


4) Length of 
burr 


|xm 


250 


200 


200 


240 


200 



55 
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Table 3 







Unit 


Example 7 


Example 8 


Example 9 


5 


3. Moldabllity improver 


10 


1) Kind 




steary stearate Ca 
stearate erucic amide 


a) steary stearate Ca 
stearate erucic amide 

b) Ca montanate 


a) steary stearate Ca 
stearate erucic amide 

b) Ca montanate 

c) ethylene 
bisstearyiamide 


75 


2) Amount added 
(per 100 parts by 
weight of polyamide- 
forming component) 


part by weight 


0.3 


a) 0.3 


a) 0.3 


20 


Amount added (per 
1 00 parts by weight 
of polyamide 
component) 


part by weight 




b)0.15 


b) 0.15 

c) 0.25 


25 


3) Method of addition 




added at 

polymerization (after 
formation of apatite 
type compound) 


a) added at 
polymerization (after 
formation of apatite 
type compound) 

b) pellet blend 


a) added at 
polymerization (after 
fomriation of apatite 
type compound) 

b) pellet blend 

c) masterfoatch blend 




4. Moldabllity of polyamide resin composition 


30 


1) SFD 


cm 


12.5 


12.5 


12.5 


35 


Releasing ability 
(releasing power) 

mold at SO^'C 
mold at 30°C 


N 
N 


80 
120 


30 
70 


30 
50 




3) Plasticizing ability 


sec 


15 


12 


12 




4) Length of burr 


\xrc\ 


260 


260 


260 



Table 4 







Unit 


Example 1 0 


Example 11 


Example 12 


Example 1 3 


Example 14 




1 . Characteristics of forming components 


45 


1 ) Content of 
polyamide- 
forming 
component 


part by by 
weight 


100 


100 


100 


100 


100 


50 


2) Content of 
apatite type 
compound 
forming 
component 


part by 
weight 


13.9 


13.9 


13.9 


13.9 


13.9 



55 
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Table 4 (continued) 







Unit 


Example 10 


Example 11 


Example 12 


Example 1 3 


Example 14 




1 . Characteristics of fomriing components 


5 
10 


3) Molar ratio 
of metal 
element of 
apatite 
forming 
component to 
phosphorus 




1.67 


1.67 


1.67 


1.67 


1.67 




2. Characteristics of polyamide composite 


15 


1) Kind of 
polyamide 




NyB6 


Ny66/61 


Ny66/61 


Ny6 


Ny66/61/6 




2) Content of 
polyamide 


part by 
weight 


100 


100 


100 


100 


100 


20 


3) Weight- 
average 
molecular 
weight (Mw) 




40000 


35000 


35000 


42000 


35000 


25 


4) Content of 
apatite type 
compound 


part by 
weight 


10.4 


10.5 


10.5 


10.5 


10.5 


30 


5) Molar ratio 
of metal 
element to 
phosphorus 




1.66 


1.66 


1.66 


1.66 


1.66 


35 


6) Particle 
size of apatite 
type 

compound 


nm 


85 


90 


90 


90 


85 


40 
45 


7) Amount of 
organic 
substance 
contained in 
apatite type 
compound 
(per 1 00 parts 
by weight of 
the 

compound) 


part by 
weight 


5.5 


5.5 


5.5 


5.5 


5.5 




3. Moldability improver 




1) kind 




Ca 
montanate 


Ca 
montanate 


Ca 
montanate 


Ca montanate 


Ca montanate 


50 
55 


2) Amount 
added (per 
100 parts by 
weight of 
polyamide 
composite) 


part by 
weight 


0.3 


0,3 


0.3 


0.3 


0.3 
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Table 4 (continued) 







Unit 


Example 1 0 


Example 11 


Example 12 


Example 1 3 


Example 14 




3. Moldability improver 


5 


3)Method of 
addition 




pellet blend 


pellet blend 


pellet blend 


pellet blend 


pellet blend 




4. Moldability of polyamide resin composition 


10 


1) SFD 


cm 


12.2 


13.0 


13.0 


13.0 


13.2 


15 


2) Releasing 
ability 
(releasing 
power) 

mold at 

80*'C 

mold at 

30°C 


N 
N 


85 
180 


90 
200 


100 
200 


100 
200 


100 
200 


20 


3) Plasticizing 
ability 


sec 


14 


14 


14 


14 


14 




4) Length of 
burr 


|im 


250 


200 


200 


240 


200 


25 


5. Physical properties of polyamide resin composition 


1) Flexural 
modulus 


MPa 


4,40 


4.20 


4.20 


4.00 


4.40 


30 


2) Flexural 
strength 


MPa 


147 


140 


140 


140 


140 


3) Tensile 
strength 


l\4Pa 


98 


96 


96 


93 


98 


35 


4) Tensile 
elongation 


% 


12,5 


10.5 


10.5 


10 


10.5 


5) Notched 
Izod impact 
strength 

(23°C) 


J/m 


44 


40 


40 


50 


40 


40 


6) Deflection 
temperature 
under load 
(load: 
1.83MPa) 




135 


125 


125 


120 


125 


45 


7) Surface 
appearance 




85 


85 


85 


85 


85 


SO 


8) 

Compressive 
creep (strain) 


Mm 


0.7 


0.75 


0.75 


0.8 


0.75 




9) Weld 
strength 


MPa 


94 


90 


90 


88 


90 



55 
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Table 4 (continued) 







Unit 


Example 10 


Example 11 


Example 12 


Example 1 3 


Example 14 




5. Physical properties of polyamide resin composition 


5 
10 


10) Hot- water 
resistance 
(tensile 
strength 
retention after 
hot water 
treatment 
MO^C X 
200hr) 


MPa 


A O 

48 


oo 




pn 


48 


15 
20 


Reworkabllity 
(tensile 
strength after 
5 pass by 
extruder) 






89 


89 


89 


93 










Table 5 








25 




Unit 


Example 15 


Example .16 


Example 17 


Comparative 
Example 2 


Comparative 
Example 3 




1 . Characteristics of forming components 


30 


1 ) Content of 
polyamide- 
forming 
component 


part by 
weight 


100 


100 


100 


100 


100 


35 


2) Content of 
apatite type 
compound 
forming 
component 


part by 
weight 


6.4 


13.9 


13.9 




13.9 


40 
45 


3)'Molar ratio 
of metal 
element of 
apatite 
forming 
component to 
phosphorus 




1.67 


1.67 


1.67 




1.67 


2. Characteristics of polyamide composite 




1) Kind of 
polyamide 




Ny66 


Ny66 


Ny66 


Ny66 


Ny66 


50 


2) Content of 
polyamide 


part by 
weight 


100 


100 


100 


100 


100 


55 


3) Weight- 
average 
molecular 
weight (Mw) 




40000 


37000 


37000 


40000 


40000 
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Table 5 (continued) 







Unit 


Example 15 


Example 1 6 


Example 17 


Comparative 
Example 2 


Comparative 
Example 3 


5 


2. Characteristics of polyamide composite 




4) Content of 
apatite type 
compound 


part by 
weight 


5.4 


9.5 


9.4 




10.4 


10 


5) Molar ratio 
of metal 
element to 
phosphorus 




1.66 


1.66 


1.66 


- 


1.66 


15 


6) Particle 
size of apatite 
type 

compound 


nm 


65 


525 


1200 




85 


20 
25 


7) Amount of 
organic 
substance 
contained in 
apatite type 
compound 
(per 1 00 parts 
by weight of 
the 

compound) 


part by 
weight 


7.5 


0.5 


0.5 




5.5 


30 


3. Moidablllty Improver 


1) kind 




Ga 

montanate 


Ca 

montanate 


Ca 

montanate 


Ca montanate 




35 


2) Amount 
added (per 
1 00 parts by 
weight of 
polyamide 
composite) 


part by 
weight 


0.3 


0.3 


0.3 


0.3 




40 


3) Method of 
addition 




pellet blend 


pellet blend 


pellet blend 


pellet blend 






4. Moldabllity of polyamide resin composition 




1) SFD 


cm 


12.2 


13.0 


13.0 


13.3 


13.2 


45 
50 


2) Releasing 
ability 
(releasing 
power) 

mold at 

SO^'C 

moid at 

SO^'C 


N 
N 


90 
180 


110 
220 


110 
220 


150 
250 


>400 
>400 


55 


3) Plasticizing 
ability 


sec 


14 


14 


14 


16 


19 




4) Length of 
burr 




200 


300 


300 


600 


350 
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Table 5 (continued) 







Unit 


Example 15 


Example 1 6 


Example 17 


Comparative 
Example 2 


Comparative 
Example 3 


5 


5. Physical properties of potyamide resin composition 




1) Flexural 
modulus 


MPa 


3.55 


3.6 


3.6 


2.75 


4.40 


10 


2) Flexural 
strpnnth 


MPa 


135 


135 


135 


118 


147 




3) Tensile 
strength 


MPa 


92 


88 


88 


80 


98 


15 


4) Tensile 
elongation 


% 


20.0 


9.0 


8.5 


25.0 


12.5 


20 
25 


5) Notched 
l2od impact 
strength 
(23° C) 


J/m 


55 


30 


30 


54 


44 


6) Deflection 
temperature 
under load 

' 1.83Mpa) 




115 


110 


110 


75 


135 




7) Surface 
appearance 




90 


75 


75 


85 


85 


30 


8) 

Compressive 
creep (strain) 


Mm 


0.9 


1 


1 


1.25 


0.75 




9) Weld 
strength 


MPa 


90 


90 


90 


78 


94 


35 
40 


10) Hot- water 

resistance 

(tensile 

strength 

retention after 

hot water 

treatment 

200hr) 


MPa 


40 


36 


35 


23 


48 . 


45 


11) 

Reworkability 
(tensile 
strength after 
5 pass by 
extruder) 


MPa 


88 


85 


85 


78 


93 



so 



55 
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Table 6 



5 




Unit 


Example 1 8 


Example 1 9 


Example 20 


Comparative 
Example 4 


1 . Characteristics of forming components 


10 


1) Content of 
polyamide- 
forming 
component 


part by weight 


100 


100 


100 


100 


15 


2) Content of 
apatite type 
compound 
forming 
component 


part by weight 


13.9 


13.9 


13.9 


13.9 


20 


3) Molar ratio of 
metal element 
of apatite 
forming 
component to 
phosphorus 




1.67 


1.67 


1.67 


1.67 




2. Characteristics of polyamide composite 


25 


1) Kind of 
polyamide 




Ny66 


Ny66 


Ny66 


Ny66 




2) Content of 
polyamide 


part by weight 


100 


100 


100 


100 


30 


3) Weight- 
average 
molecular 
weight (f^w) 




40000 


40000 


40000 


36000 


35 


4) Content of 
apatite type 
compound 


part by weight 


10.4 


10.4 


10.4 


10.4 


40 


5) Molar ratio of 
metal element 
to phosphorus 




1.79 


1.70 


1.70 


1.70 




6) Particle size 
of apatite type 
compound 


nm 


85 


85 


85 


1200 (many 
agglomerated 
particles) 


45 
SO 


7) Amount of 
organic 
substance 
contained In 
apatite type 
compound (per 
1 00 parts by 
weight of the 
compound) 


part by weight 


5.5 


5.5 


5.5 


3.0 




3. Heat-resistance improver 


55 


1-1) Metal 
halide 




Kl 


Kl 


Kl 


Kl 
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Table 6 (continued) 







Unit 


Example 18 


Example 1 9 


Example 20 


Comparative 
Example 4 


5 


3. Heat-resistance improver 


10 


1-2) Amount of 
metal halide 
added (per 100 
parts by weight 
of polyamide 
forming 
component) 


part by weight 


0.41 


0.43 


0.24 


0.41 


15 


2-1) Copper 
compound 




Cul 


copper acetate 


Cul 


Cul 


20 


2-2) Amount of 
Cu compound 
added (per 100 
parts by weight 
of polyamide 
fomriing 
component) 


part by weight 


0.025 


0.016 


0.025 


0.025 


25 


3) Molar ratio of 
halogen/copper 


(l/Cu) 


20/1 


20/1 


12/1 


20/1 


30 


4) State of heat- 
resistant 
improver at 
addition 




aqueous 
solution 


aqueous solution 


aqueous solution 


aqueous solution 


5) Method of 
addition, (added 
at 

polymerization) 




after formation 
of apatite type 
compound 


after formation of 
apatite type 
compound 


after formation of 
apatite type 
compound 


before fomnation 
of apaiite type 
compound 


35 


5. Physical properties of polyamide resin composition 




1) Flexural 
modulus 


MPa 


4.40 


4.40 


4.40 


3.50 


40 


2) Flexural 
strength 


MPa 


147 


147 


147 


125 




3) Tensile 
strength 


MPa 


102 


102 


102 


70 


45 


4) Tensile 
elongation 


% 


15.0 


14.5 


14.5 


5.5 




5) Ndtched Izod 
impact strength 
(23°C) 


J/m 


50 


50 


50 


30 


50 


6) Deflection 
temperature 
under load 
(load:1.83MPa) 




135 


135 


135 


115 



55 
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Table 6 (continued) 







Unit 


Example 1 8 


Example 1 9 


Example 20 


Comparative 
Example 4 


5 


5. Physical properties of polyamide resin composition 


10 


7) Heat- 
resistant aging 
property 
(180*'C: half 
value period of 
tensile 
strength) 


Hr 


750 


750 


700 


300 



15 

Table 7 







Unit 


Example 21 


Comparative Example 5 




1 . Characteristics of forming components 


20 


1) Content of polyamide-forming component 


part by weight 


100 


100 




2) Content of apatite type compound-fonning 
component 


part by weight 


13.9 




25 


3) Molar ratio of metal element of apatite fomnlng 
component to phosphorus 




1.67 






2. Characteristics of polyamide composite 




1 ) Kind of polyamide 




Ny66 


Ny66 


30 


2) Content of polyamide 


part by weight 


100 


100 


3) Weight-average molecular weight (Mw) 




40000 


40000 




4) Content of apatite type compound 


part by weight 


10.4 






5) Molar ratio of metal element to phosphorus 




1.66 




35 


6) Particle size of apatite type compound 


nm 


85 






7) Amount of organic substance contained in apatite 
type compound (per 100 parts by weight of the 
compound) 


part by weight 


5.6 




40 


3. Moldability improver 




1) kind 




Ca montanate 


Ca montanate 




2) Amount added (per 1 00 parts by weight of 
polyamide composite) 


part by weight 


0.15 


0.16 


45 


3) Method of addition 




pellet blend 


pellet blend 




4. Heat-resistance improver 




1-1) Metal halide 




Kl 


Kl 


50 


1 -2) Amount of metal halide added (per 1 00 parts by 
weight of polyamide composite) 


part by weight 


0.43 


0.43 




2-1) Copper compound 




Cul 


Cul 


55 


2-2) Amount of Cu compound added (per 100 parts 
by weight of polyamide composite) 


part by weight 


0.025 


0 025 




3) Molar ratio of halogen/copper 


(l/Cu) 


20/1 


20/1 




4) State of heat-resistance improver at addition 




master batch 


master batch 
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Table 7 (continued) 





Unit 


Example 21 


Comparative Example 5 


4. Heat-resistance improver 


5) Method of addition 




pellet blend 


pellet blend 


5. Physical properties of polyamlde resin composition 


1) Flexural modulus 


MPa 


4.40 


2.75 


2) Flexural strength 


MPa 


147 


118 


3) Tensile strength 


MPa 


102 


85 


4) Tensile elongation 


% 


15 


27 


5) Notched Izod impact strength (23°C) 


J/m 


50 


56 


6) Deflection temperature under load (load: 
1.B3MPa) 




135 


75 


7) Heat-resistant aging property (180*C: half value 
period of tensile strength) 


Hr 


750 


515 



Table 8 





Unit 


Example 22 


Example 23 


Example 24 


Com. Ex. 6 


1 .Characteristics of forming components 


l)Content of 
polyamide- 
forming 
component 


part by 
weight 


100 


100 


100 


100 


2)Content of 
apatite- 
forming 
component 


part by 
weight 


13.9 


13.9 


13.9 




3) Molar ratio 

of metal 

element of 

apatite 

fonning 

component 

to 

phosphorus 




1.67 


1.67 


1.67 




2. Characteristics of polyamide composite 


1)Kind of 
polyamide 




Ny66 


Ny 66/61 


Ny66 


Ny66 


2)Content of 
polyamide 


part by 
weight 


100 


100 


100 


100 


3)Weight- 
average 
molecular 
weight (Mw) 




40000 


35000 


40000 


40000 


4)Content of 
apatite type 
compound 


part by 
weight 


10.4 


10.4 


10.4 





3d 
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Table 8 (continued) 





1 


Unit 1 


Example 22 1 


Example 23 1 


Example 24 | 


Com. Ex. 6 1 




2. Characteristics of polyamide composite 




5 


5) Molar ratio 
of metal 
element to 
hosphoms 




1.66 


1.66 


1.66 




10 


6) Particle 
size of 
apatite type 
compound 


nm 


85 


90 


85 


- 


15 

20 

25 

30 

35 

40 

45 

SO 

55 


7)Amount of 
organic 
substance 
contained in 
apatite type 
compound 
(per 100 
parts by 
weight of the 
compound) 


part by 
weight 


5.5 


5.5 


5.5 





S.Polyphenyle 


ne ether re 


sin 




1)Kind 




Modified 
polyphenylene 
ether resin (1)** 


Modified 
polyphenylene 
ether resin (1)** 


Modified 
polyphenylene 
ether resin (1)** 


Modified 
polyphenylene 
ether resin (1)** | 


2)Amount 
added 


part by 
weight 


80 


80 


100 


80 


4. Rubber 






1 


1)Kind 




Maleic acid 
modified 
ethyiene-(lbutene) 
copolymer 


Maleic acid 
modified 
ethylene-(lbutene) 
copolymer 


Maleic acid 
modified 
ethylene-(lbutene) 
copolymer 


Maleic acid 1 
modified 
<athv!f^ne-M butene^ 1 
copolymer 


2)Amount 
added 


part by 
weight 


20 


20 


20 


20 1 


5. Physical pr( 


Dperties of 


polyamide resin composition 




1)Flexural 
modulus 


Gpa 


2.55 


2.55 


2.40 


2.10 


2)Flexura! 
strength 


Mr a 


95 


95 


93 


85 


3)Tensile 
strength 


MPa 


62 


62 


60 


58 


4)Tensile 
elongation 


% 


80 


70 


75 


90 


5)Notched 
Izod impact 

strength 
(23^0) 


J/m 


225 


225 


500 


250 



"Modified polyphenylene ether resin (1): Maleic anhydride-modified poly(2.6-diniethylphenyii 
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Table 8 (continued) 







Unit 


Example 22 


Example 23 


Example 24 


Com. Ex. 6 




5. Physical properties of polyamide resin composition 


5 


{- 

30°C) 


J/m 


150 


150 


200 


160 


10 


6)Defiection 
temperature 
under load 
(load: 
1.83MPa) 




150 


135 


150 


130 


15 


7)Water 
absorption 
(aS'^C X 
24hr) 


% by 
weight 


0.60 


0.57 


0.55 


0.75 




8)Molding 
shrinkage 


% 


1.20 


1 .20 


1.23 


1.35 


20 


9)Warpage 


Mm 


0.90 


0.90 


0.95 


1.50 



Table 9 



25 




Unit 


Example 25 


Example 26 




1 . Characteristics of forming components 




1) Content of polyamide- 
forming component 


part by weight 


100 


100 


30 


2) Content of apatite type 

compound-forming 

component 


part by weight 


13.9 


12.0 


35 


3) Molar ratio of metal 
element of apatite forming 
component to phosphorus 




1.67 


1.67 




2. Characteristics of polyamide composite 




1) Kind of polyamide 




Ny66 


Ny66 


40 


2) Content of polyamide 


part by weight 


100 


100 




3) Weight-average molecular 
weight (Mw) 




40000 


40000 


45 


4) Content of apatite type 
compound 


part by weight 


10.4 


10.4 




5) Molar ratio of metal 
element to phosphorus 




1.66 


1.70 


50 


6) Particle size of apatite type 
compound 


nm 


85 


65 


55 


7) Amount of organic 
substance contained in 
apatite type compound (per 
100 parts by weight of the 
compound) 


part by weight 


5.5 


7.5 
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Table 9 (continued) 



Unit 1 


Example 25 | 


Example 26 


3. PolvDhenvlene ether resin 




1) Kind 




Modified polyphenylene ether 
resin (1)** 


Modified polyphenylene ether 
resin (1)** 


2) Annount added 


part by weight 


80 


80 


4. Rubber 






1) Kind 




a) Maleic acid modified 
ethylene (1-butene)copo!ymer 

b) maleic acid modified 
hydrogenated styrene- 
butadienestyrene block 
copolymer 


a) Maleic acid-modified 
ethylene-(1 -butene) copolymer 

b) maleic acid-modified 

^^\^r^r^■r\rtar^ 'atari ctV/F'^n^'- 

nyoroyenaieu oiyicnc 
butadiene styrene block 
copolymer 


2) Amount added 


part by weight 


a) 10 

b) 10 


a) 10 

b) 10 


5. Physical properties of polya 


Tiide resin composition 




1) Flexural modulus 


Gpa 


2.55 


2.45 


2) Flexural strength 


MPa 


95 


93 


3) Tensile strength 


MPa 


62 


o2 


4) Tensile elongation 


% 


80 


80 


5) Notched Izod impact 
strength (as^'C) 


J/m 
J/m 


225 
150 


250 
175 


6) Deflection temperature 
under load (load:1 .83MPa) 


°C 


150 


150 


7) Water absorption ZS^C x 
24hr) 


Weight % 


0.60 


0.55 


8) Molding shrinkage 


% 


1.20 


1.10 


9) Warpage 


mm 


0.90 


0.80 



-Modified polyphenylene ether resin (1): Maleic anhydride^nodified poly(2,6-din»elhylphenylene-1 



Table 10 





Unit j 


Example 27 Example 28 


1 . Characteristics of fomning components 




1) Content of polyamide- 
forming component 


part by weight 


100 


100 


2) Content of apatite type 
compound-forming 

component 


part by weight 


13.9 


12.0 


3) Molar ratio of metal 
element of apatite forming 
component to phosphorus 




1.67 


1.67 


2. Characteristics of polyamidi 


3 composite 


1) Kind of polyamide 


1 


1 Ny66 


1 Ny66 
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Table 10 (continued) 







Unit 


Example 27 


Example 28 




2. Characteristics of polyannide composite 


s 


2) Content of polyamide 


part by weight 


100 


100 




o) weigni'averaye rnoiecuiar 
weight (Mw) 






40000 


10 


4) Content of apatite type 
compound 


part by weight 


10.4 


10.4 




5) Molar ratio of metal 
element to phosphorus 




1.66 


1.70 


15 


6) Particle size of apatite type 
compound 


nm 


85 


65 


20 


7) Amount of organic 
substance contained in 
apatite type compound (per 
100 parts by weight of the 
compound) 


part by weight 


5.5 


7.5 




3. Polyphenylene ether resin 




1) Kind 




PPE*** 


PPE*** 


25 


2) Amount added 


part by weight 


80 


80 




4. Rubber 


30 


1) Kind 




a) hydrogenated styrene 
butadiene-styrene block 

copolymer 
b) ethylene propylene 

copolymer 


a) hydrogenated styrene- 
butadiene styrene block 

copolymer 
b) ethylene-(l-butene) 

copolymer 




2) Amount added 


part by weight 


a) 10 


a) 10 


35 






b) 10 


b) 10 




5. Modifier 




1) Kind 




maleic anhydride 


maleic anhydride 


40 


2) Amount added 


part by weight 


1 


1 


6. Conductive carbon black 




1) Kind 




Ketjenblack 


Ketjenblack 




2) Amount added 


part by weight 


5 


5 


45 


7. Physical properties of polyamide resin composition 




1) Flexurat modulus GPa 


Gpa 


2.65 


2.55 




2) Flexural strength 


MPa 


98 


95 




3) Tensile strength MPa 


MPa 


62 


61 


50 


4) Tensile elongation 


% 


30 


35 


55 


5) Notched Izod impact 
strength (23°C) 
(-30''C) 


J/m 
J/m 


120 
80 


180 
90 



•"PPE: poly(2,6-dlmethy!phenylene-1 .4-ether) 
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Table 10 (continued) 







Unit 


Example 27 


Example 28 




7. Physical properties of polyamide resin connposition 


5 


6) Deflection temperature 
under load (load:1 .83I^Pa) 


«C 


155 


155 




7) Water absorption (23**C x 
24hr) 


Weight % 


0.57 


0.50 


10 


8) Molding shrinkage 


% 


1,15 


1.00 




9) Warpage 


Mm 


0,90 


0.75 


15 






Table 11 








Unit 


Comparative Example 7 


Comparative Example 8 




1 . Characteristics of fomning components 


20 


1) Content of polyamide- 
forming component 


part by weight 


100 


100 




2) Content of apatite type 

compound-forming 

component 


part by weight 




13.0 


25 


3) Moiar ratio of metal 
element of apatite forming 
component to phosphorus 






1.65 




2. Characteristics of polyamide composite 


30 


1) Kind of polyamide 




Ny66 


Ny66 




2) Content of polyamide 


part by weight 


100 


100 




3) Weight-average molecular 
weight (Mw) 




40000 


40000 


35 


4) Content of apatite type 
compound 


part by weight 




12.0 




5) l\^olar ratio of metal 
element to phosphorus 






1.65 


40 


6) Particle size of apatite type 
compound 


nm 




3000 


45 


7) Amount of organic 
substance contained In 
apallte type compound (per 
1 00 parts by weight of the 
compound) 


part by weight 




0,15 




3. Polyphenylene ether resin 


SO 


1) Kind 




PPE*** 


PPE*** 




2) Amount added 


part by weight 


80 


80 




4. Rubber 



PPE: poly(2.6-dimethylphenylene-1 .4-ether) 



55 
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Table 11 (continued) 







Unit 


Comparative Example 7 


Comparative Example 8 




3. Polyphenylene ether resin 


5 


1) Kind 




a) hydrogenated styrene- 
butadiene styrene block 
copolymer 


a) hydrogenated styrene- 
butadiene styrene block 
copolymer 


10 






b) ethylene-(l-butene) 
copolymer 


b) ethylene-(1 -butane) 
copolymer 




2) Amount added 


part by weight 


a) 10 

b) 10 


a) 10 

b) 10 


15 


5. Modifier 


1) Kind 




maleic anhydride 


maleic anhydride 




2) Annount added 


part by weight 


1 


1 




6. Conductive carbon black 


20 


1) Kind 




Ketjenblack 


Ketjenblack 




2) Amount added 


part by weight 


5 


5 




7. Physical properties of polyamide resin composition 


25 


1) Flexural modulus GPa 


Gpa 


2.40 


2.40 


2) Flexural strength 


MPa 


93 


93 




3) Tensile strength MPa 


MPa 


60 


50 




4) Tensile elongation 


% 


30 


7 


30 


5) Notched Izod impact 
strength (23°C) 
(-30°C) 


J/m 

J/m 


120 

80 


50 
30 


35 


6) Deflection temperature 
under load (load:1 .83MPa) 




145 


140 




7) Water absorption (23°C x 
24hr) 


Weight % 


0.65 


0.65 




8) Molding shrinkage 


% 


1.30 


1.20 


40 


9) Warpage 


Mm 


1.45 


1.30 



Table 12 





Unit 


Example 29 


Example 30 


1 . Characteristics of forming components 


1 -1 ) Content of polyamide- forming component 


part by weight 


100 


100 


1-2) Content of apatite type compound-forming 
component 


part by weight 


12.0 


12.0 


1-3) Molar ratio of metal element of apatite forming 
component to phosphorus 




1.67 


1.67 


2. Characteristics of polyamide resin composition 


2a) Characteristics of polyamide composite 2a-1 ) Kind 
of polyamide 




Ny66 


• Ny66 


2a-2) Content of polyamide 


part by weight 


100 


100 
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Unit 1 


Example 29 | 


Example 30 


2 Characteristics of polyamide resin composition 




2a-3) Content of apatite type compound (per 100 parts 
by weight of polyamide) 




1 U.4 


10.4 


o» A\ lAf^'iMt^t fTk«fAro/*iA mf%lo/^i liar %Af Ainht /MWi 

2a-4) Weignt-average rnoiecuiar w«iyiu v'^'**/ 


part by weight 


40000 


40000 


2a-5) Molar ratio of metal element to phosphorus 




1.66 


1.66 


2a-6) Particle size of apatite type compound 


nm 


65 


65 


2a-7) Amount of organic substance contained in apatite 
type compound (per 100 parts by weight of the 
compound) 


part by weight 


7.5 


7.5 


2b) Characteristics of amorphous polyamide 2b-1 ) Kind 




Amorphous PA(1) 


Amorphous PA(2) 


2b-2) Melting calorie 


J/g 


<1 


<1 


2b-3) Amount added 


part by weight 


25 


25 


3. Characteristics of inorganic filler 




3-1) Kind 


•'C 


GF 


GF 


3-2) Amount added (per 1 00 part:s by weight of 
polyamide resin composition) 


part by weight 


33 


33 


4 Physical properties of polyamide resin composition 




4-1) Melting point 


''C 


255 


255 


4-2) Melting calorie 


J/g 


30 


30 


4-3) Flexural strength 


Gpa 


8.2 


8.2 


4-4) Tensile strength 


MPa 


170 


170 


4-5) Notched Izod impact strength (23'*C) 


J/m 


115 


115 


4-6) Deflection temperature underload {load:1 .83MPa) 


•^C 


245 


245 


4-7) Coating adhesiveness: initiar adhesiveness 




100/1 00 


100/1 00 


secondary adhesiveness 




1 00/1 00 


100/1 00 


appearance 


visually 


good 


good 


amorphous PA (1): "T40" manufactured by Bayer 

amorphous PA (2): "Glybolie XE-3080" manufactured by Emus 
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INDUSTRY APPLICABILITY 

[0193] The present invention relates to a polyamide resin composition comprising a polyamide composite containing 
an apatite type compound dispersed homogeneously and finely in a matrix of a polyamide and well fixed and adhered 
to the polyamide at the interface, and any of a moldabllity improver, a heat-resistance improver, a detenoration inhibitor 
and a resin other than a polyamide. Accordingly, the resulting molded product has a characteristic that it is excellent 
in various kinds of moldabllity, mechanical properties such as rigidity and strength, and durability such as heat-resistant 
aging property, so that it is expected to be extremely useful for various uses such as automobile exterior/outer panel 
parts automobile interior parts, automobile derhood parts, parts for two-wheeled vehicles, parts forfumrture, goods 
for office automation equipments, electronic/electrical parts, and industrial parts. 



55 Claims 

1. A polyamide resin composition comprising (A) a polyamide, (B) an apatite type compound, and (C) (i) a highe 
fatty acid metal salt and/or (il) a mixture of a metal halide and a copper compound, wherein the polyamide resii 
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composition is obtainable by adding component (C) after the fomfiation of the apatite type compound. 

2. The polyamide resin composition according to the above 1 , wherein the amount of (B) is from 0.05 to 200 parts 
by weight and the amount of (C) is from 0.01 to 20 parts by weight relative to 100 parts by weight of (A). 

5 

3. The polyamide resin composition according to the above 2, which is obtainable by adding 0.01 to 20 parts by 
weight of component (C) in a step after the completion of fonnation of the apatite type compound in the steps of 
producing a polyamide composite comprising the polyamide (A) and the apatite type compound (B) by incorporating 
0.05 to 200 parts by weight of an apatite type compound-fomning component into 100 parts by weight of a polya- 

10 mide-fomiing component and promoting the polymerization of the polyamide and the synthesis of the apatite type 

compound. 

4. The polyamide resin composition according to any one of the above 1 to 3, wherein the higher fatty acid metal salt 
of {C)(i) is represented by the general fonnula (1): CH3(CH2)nCOO(Mi) (wherein n is from 8 to 30 and a metal 

15 element (M-,) is at least one metal element selected form the elements of Groups 1 , 2, and 3 of the periodic table, 

zinc, and aluminum). 

5. The polyamide resin composition according to any one of the above 1 to 3, wherein the metal halide of the mixture 
(C)(ii) is potassium iodide, the copper compound is copper acetate or copper iodide, and the molar ratio of the 

20 halogen to copper is from 2/1 to 40/1 . 

6. The polyamide resin composition according to any one of the above 1 to 3, wherein 1 to 300 parts by weight of a 
polyphenylene ether resin is incorporated into 100 parts by weight of (A), and wherein components (B) and (C) 
are mainly present in component (A). 

7. The polyamide resin composition according to the above 3, wherein the apatite type-forming component is a phos- 
phoric acid type metal compound having a maximum particle size of 30 p.m or less. 

8. The polyamide resin composition according to the above 3, wherein the apatite type-forming component is a phos- 
30 phoric acid type metal compound having a specific surface area of 0.1 to 1 00 rr^/g, 

9. The polyamide resin composition according to any one of the above 1 to 3, wherein an apatite type compound 
having an average particle size of 0.01 to 1 ^m is homogeneously dispersed in a polyamide having a weight- 
average molecular weight of 20,000 to 200,000. 
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10. A process for producing a polyamide resin composition comprising, relative to (A) 1 00 parts by weight of a polya- 
mide, (B) 0.05 to 200 parts by weight of an apatite type compound, and (C) 0.01 to 20 parts by weight of (1) a higher 
fatty acid metal salt and/or (ii) a mixture of a metal halide and a copper compound, wherein component (C) is 
added after the formation of the apatite type compound. 
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FIG. 1 




1179S68A1 I > 
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